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FOREWORD

Freeze dried foods are very susceptible to oxidative deterioretion
during stcrage. It is generally accepted in the industry that such products
should be packaged with an inert gas such as nitrogen with two percent or
less oxygen in the headspace gas. However, the two percent is an empirical
limitation which may be tighter (and thus more expensive) than necessary.

In addition, it has been suggested that the mcisture level limitations in
the products arsa tighter than necessary for satisfactory keeping qualities.
The wexk covered in this report, perfcrmed by the Whirlpool Corporation
under Gcntract No. DA19-129-AMC-131¢{N), was designed to cbtain acceptance
data after storage on four typical products prepared at two moisture levels
and packaged at three oxygen levels. Dr. Norman G. Roth was the Official
Investigator.
The U. S. Army Natick Laboratories Project Officer Officer was
Mr. J. M. Tuomy of the Animal Products Branch, Food Djvision. The Alternatc
Project Officer was Dr. Karl R. Jobnson, Plant Products Branch, Food Division.
FERDINAND P. MEHRLICH, Ph.D.
Director
Food Division

APPROVED:

DALE H. SIELING, Ph.D.
Scientificz Director

W. W, VAUGHAN
Brigadier General
Commanding
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Reported are the procedures and results of a six-months storage
stability study conducted with precooked beef, chicken, cerrots and
spinach wvhich had been freese-dried to 2 and 4% residual moisture levs!
and etored undsr 2, 4, and 20% oxygen atmosphere at 100°r. Exposure to
oxygen was the primary cause of product deterioration. The qffect of
residual moisture level and leagth of storage on quality attributes was

product dependent.
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SUMMARY

The quality of precooked, freegze-dehydrited beef, chicken, carrots, and
spinach deteriorates rapidly ir adverse astorage ervironments. The type
ard exten: of Jdetaricrative rsaction are dapendert to a greater or lesser
degree or each cf the scudy varisbles: residual moisture level, headspace
oxvgen corcerrication, ard doration of storag: it elevated temperature. The
specific bicchemiral ard biophysicai praperries of zaczh food determine its
ability %o trlerate some :arviatione in th.ze ervirzrmental factors without

sexious ilmpairmert of quali+sr atzwibutes.

Expceurmz 0 oxyger sppeazel %o bt the west significant factor in degradation
of praducts storved at elevat:d tamperature. Since freeze-dried foods are
ext:emely porous, rather larsge surface areas are cxposed to whatever atmos-
phere surrounds them. Constguently, volume and composition of the container
headspace atmosphere determine the extent of exposure of the product during
storage. Container headspace used in :his inxeotigattcﬁ varied from 70 to
90% of the total volume of the container. This substantial volume coupled
with the large surface ares of the dried food products provided an appre-
cisdle exprsure of these products to even moderately low oxygen partial
preseuces during storage. Thus, oxidation could proceed at a rapid rate
unhamperel by penretration barriers and the total demaging effsct would be

nominal within the limits of available oxygen.

Ancther wouvte for oxidative daxege of freesa-driéd products is exposure to
air during the interval berwaen removal of the product from the freeze-
drier and sealing in the packaging cortainer. Molecular oxygen is rapidly
and tighetly tourd by these producie sni deacrbed slowly, or perhaps not

at all, durirg stcrage, This tound oxvger could account for an appreciable
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amount of oxidative damage during the storage period. Further, during this
investigation there were indications that the rate of oxidation of some
components, when exposed to air, was sutficiently rapid to overshadow the
effects of low oxygen concentrations in the storage atmosphere. However,
the test conditions used for this study were such thai the relative effects
of pre-packaging air exposure and storage atmosphere could not be differentiai::
Analysis of headspace atmo:phere within a short time after completion of the
packaging operation documents the use of pre-purified nitrogen in the packag "¢
operation. However, in view of the foregoing, this determination may not
indicate exposure of a product to air oxidation during the packaging operation.
With this in mind, there are several areas in the packaging operation which
might bear close scrutiny: the interval betwsen termination of the dehydration
cycle and completion of the packaging operation and a precise definition of
condi*ions adequate to protect the product from oxygen and moisture during
this interval. These conditions do not appear to be specified in product
descriptions. A ssximum interval of eight hours between release of the
vacuum of the freese-drier and completion of the packaging operation is
indicated for chicken. The intervals are not specified for the other

products.

Although deteriorative changes are apparent, packaging under a 2% oxygen
atmosphere after limited exposure to atmospheric oxygen did not degrade the
products ¢o the point of terminating storage. These conditions afford

adequate stability for six months at 100°r.



ZNTKOIUCTION
The periect preservatior of foodstuffs requires control of the entire process-
ing operation. Each phase cf the processing operation f:iom selection of raw
product through conditionz cf firal storage must be con:idered. There are
irnumerable variables with:in e€ach phase of the processing operaticr which may

atfect procduct guality esignificartly.

Thus problems associated wizh the freeza2-Jdehydration of focdztuffs may stem
from a raamber of sources: variety or breed; cultural or nutritiornal factors;
maturizy at harvest or slaughcer; method of harvest or slaughrer; post-
harvest or -slaughter harndling; prelimirary heating, cooling, freezing, or
srher treatments; dehydratiorn cycle; manrer of packaging; and storage

temperacure,

Each of the varinus steps in the processirg operation can be of critical
impor<ance either in itself or by virtuve of its effect on the other aspects
of processing. Accordingly, quality attzibutes are subject to change during
storage at rates dependent on the nature of the raw product, the methods of

Landling and processing, and storage anvironment.

it is che influcnce of the atter on food quality attributes which is of
particular concern. Fcods re complex biological systems and, :therefore,
ave icherently unstable and senxitive to exposure to adverse storage environ-

nments,

Storage stability is an extremely acute problem in military supply. The end
noint of useful stovage life must te determined under realistic conditions.
In general, riability fcr a 6 month period at 100°F is required for military

raticne,



Der:Ticvative reacticns, whether cxiistive or oon-oxidative, are accelerated
tv bigh tempecacuce storage., O:her than temperature, storage environment

is a furctior of astmosptere or oxyger. contert of thke headspace of the s“ora-~
cortainer and the residusl moistur: content or, more appropriately, the

egoilibriom relazive humidizy of the dehydreted procuct.

The effect of these wrrrircarental rarisdbles Fas been studied. However,
reitter opzimum rcr zolerence letela heve i3 ret been determined. In parti-
c.lav, rke veriatiors in dexzricrative prcresses and rates at low levels of
Avoges gonsetcvetion ard meiadzire coutent have ro:t beern adequately investi-
gazed, Mcat investigaticra have :oncen::;ted or. the storage characteristic-~
2l -aw meaze. The s:t:rage stabiiity of p:s-éboked. treeze-dehydrated product
has recaived lixtle a.tenzion. Therefore, this investigation was undertaken
to idencify the lev.l c¢f oxygern ~cncentratica in the headspace of the stor-
age container which is asso:iated wich a significant change in quality and

to Jdetermine whether w»oisture content c;;;ribh;es.;ppr;tiably to this chanrge

in quality in four bszic commodities: pie-cooked, freeze-dehydrated beef,

chicken, carrots and spinach.
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EROCEDURES

As indicated, the .av materiel is the firet limiting factor. Both plant and
erimal materials ar: bi>logical ard ivherzntly wariable. Thus the quslity of
the ~aw materisls sffeccs the guality o the freshly J:hvdrated prouce and

may determire its storsge 1life, Similarly. :be phvsiial and chemical changes

—$n-foodetuffe rasuintrg Irox wethede <f harvest ov rlaughier or from handling
or focd preparatior. techriques affest the gualicy of toth the freshly process~

ed and stored Jehyira::d products,

Ac~ordingly, & numta: ¢f precastions were exercised in ozder to render valid-
ity to the experimarcal deiign ir & #tudy corfined to a relatiwly small
rimber of samples. The experimen: was designed tu contr>l or standardize all
var.ables excep: those :nler study, Each of the comcodizies was purchased
fally prepared for reese-dshydration according to che applicable military
limited production ani interim purchese descriptions. Ttis measure assured
compliance with commer.ial production practices. In addition, purchase orders
specified a single prcéust lot ia oxder to sininize within-ssmple variations

csused by rev meterial varisbles. furthermors, each product vas processed
for freese-dehydraction in a single production lot ian order to restrict
varisbles in each phase of the preparstion operation which might affect
product quality significancly. Ths following lable details pertinent

information fcr the vegecadbles.

Maturicy
Yurchase Planting Harvesting
Product Description Type Strle Variety Location of Pield Date Date
Carrots C-170-61 11 B Imperacor luther Pruic Ranch 10-10-63 4-~6-64
CS-5-1 (fraesing) Iadio, California
Spinach C-208-63 9% 9 Oae ails 5outh of 9-16-63 11-26-63

Crow's lLarding,
Califoruia
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The vrav materials and preparation for poultry and beef products conformed

to Clasa 1 product described in Interim Purchase Description CS8-5-1 and to
Type I, Style 1 product described in Limited Production Purchase Description
C-190-62, respectively. All beef cuts were cbtained froam a single carcass.

-Liquid carbon dioxide freezing technique at -108°F was employed in the

affect product quality significantly. However, it is understood that the
poultry processing industry is undertaking studies of the relationship of

freezing techuique to product quality.

Products were transported in the frozsen state and stored prior to freeze-
detvdration at -10°7. Portions of each product lot were randomly selected

for the various drier loads.

I1. Dehydratice
All food products were fresse-dehydrated ia s Repp Industries Model 11-40

Sublimstor. Drying procedutes used for beef couformed to Limited Production
Purchese Descriptien, C-190-62, Beef, cosked, sliced, dehydrated, dated

27 August 1962. Drying procedures wsed for ehicken conformed to Interis
Purchase Description C8-5-1 Chicken Pieces, precooked, dehydrated, dated

15 May 1961. Reat was spplied to the dryer trays by direct platten contact.
Dzying procedures for carrots and spinach employed radiant heat and sublim-
ation was carried out within the pressure rangs of 0.5 to 1.5 Torr. Platten
and radient panel tempsratures were mssintained below 149°r throughout the

sublimation process.

Upon completion of drying, the chamber vacuum was broken with certified pre-
purified nitrogen. Lids were automatically sealed onto trays containing

contzol product lots before the drying chamber was opened. These trays were
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immedistely tranzi¢rred to a glove box flushed with cercified prepurified

nitrogen.

I1I. Pack d Storage

Each drier load cr moisture treatment lot of the test products was thoroughly
amount of each prcduct was weighed irnto Ne. 2§ (401 x 411) cans coated with
tin plate. Product was faicly tightiy packed into the cans without causing
excessive dsmage to the physi:al iategricy of the product. The fcllowing

table ircicates the weight of rrcduct aaed in this investigation.

Weight of Frodict Per Sturzage Containex, GSrams

Produce Weight
Beef 150
Chacken 173
Carrots 4«0
Spinach k

After a ons hour exposure to ' tmospheric oxygen, 1ids were sealed with a
conventional cen sealer and purctured for evacuation and flushing. The
storage containers were rsndomly divided into groups for storage under the

various headspace atmospheres.

The partial pressures of oxygen in the headspace of the containers were
11-15 mm Hg., 26-30 mm Hg., and approximately 150 mm Hg. PFor conveniencs,
these packseging conditions are described as 2, 4, and 20 percent oxygen

atmospheres throughcut this raporc:.
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Samples stored under the highest headspace oxygen comcentration were packaged
in eir. certified oxygen-nitrogen mixtures provided the required storage

atmospheres for products stored under lower partisl pressures of oxygen.

Storage containers were evacuated and flushed irepetitively to assure the

specified initial storage atmospheres. Canning equipment produced a vacuum

with solder.

Control or reference samples were packaged in a similar manner. However,
thess products were packaged without exposurs to atmospheric oxygen in a
glove box with an atmosphere of certified, prepurified nitrogen.

Test samples were stored at 100.4 ¢+ 1.8°F and control samples at -10°F.
Units were randomly selected for withdrewsl from storage at monthly
intervels.

Iv. Chamisal dsalvess sed Phwaisal Teats

All snslyses and messuremsats were performed in duylicate.

Chumical amalyses were perfosmad co estadblish the adequacy of processing
i» regard to degrees of dehydration.
1. [at.Contsmt
Pepresentative samples from each drier loed of dehydrated meats
were analysed for crude fat content using petroleum ether as the
solvent according to the method of analysis of the Association
of Officisl Agricultural Chemists. Mean values for these dater-

minatiors are listed in Table I.
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TABLE 1

Fat Content, Percent

Jest Sesples les
Product Lot 1 Lot 2 Lot 3 Lot &
Beet 15.93 26.96 17.60 10.55
Chicken 12.30 1.9 13.13 12.63
2. Besidyal Mpisture Content

——— A oy - G ——

Representative portions of the product from each drier load were
snalysed for residual moisture content. Residual moisture comteat
vas detemined by beth the Karl FPischer titration method and the
appropriate oven technique specified by the Association of
Official sgricultural Chemists. The Karl Fischer method was used
as en immediate indication of ths end point of the dehydration
cycle. The accuracy of this msthod ia estimating moisture comteat
mm-mumna-wmu.unuu the
Asseciatien of Official Agricsltural Chemists. Veighed samples of

 dehydrated meat were haated fn an atr dryiag ovea at 212 - 2i3.6°F

for 26 hours. Waighed sawples of dehydrated vegstables were
heated for 16 hours ia vecuo at 138°F.

The average residual moisture content reported in Teble II are
based on values obtained using oven methods of smalysis. The
moisture contents of meat products were also calculaced on a fat~
tree basis. Por convenience, the lower residual moisture content

is termed 2% and the higher 4% in the discussion, tables, and

figures throughout this repoczt.
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TABLE 11

Residual Moisture Content, Pexrcent

Product Test Samples Control Sasples
o e s oo
Moisture |[Moisture [IMoisture |Moisture || Moisture | Moisture [Moisture| Mo’
Beef 1.34 B 1.59 2.99 4.09 036 | 0.4 § 1 | )
Chicken 1.47 | 3.62 | 3.89 0.39 | ow4s | o0.42 | o
Carrots 1.64 4.65 1.46 *
Spinach 1.83 4.93 1.10 *

* Only one lot of control product was proccessed.

3.

Headspece Gas dnalysis
Just prior to opening cans of stored products for sensory testing,

the headspace gas ia each cam wes analysed for pressure, oxygen
content and carbon dioxide content. Samples were taken and pressurc
vere deternined vith a Beckman Headspace Sampler. Oxygen and carbor
dioxide conteat o! the ludlpm gas was determined by standard

" Orsat procedures.

b,

Iesal Matax sbserntion
Ability of tne dried products to absord water was determined within

20 minutes of opening the “cier and within 10 minutes of opening
the cans of product prior to sensory evaluations. Mixed homogeneous
1 g. samples of product were selected and accurately weighed.
Samples were crensferred to glass storage dishes and immersed in

an excess of water at 176 - 179.6°F for 10 minutes. Pollowing
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immersion, samples were drained for 5 minutes and carefully re-
weighed. Total water a:scrptica was determined from the gain in

weight after inmersion.

Water Binding Capaci
A variety of methods have been employed for detérmination of water

binding capacity of fcod products. These include sedimentation,
centrifugatior, filtration =d pressing. Most of these methods
were developed for analysie of meats. There appears to be a
paucity of information in the literature on determining water

binding capacity of vegetables.

Pressing appears to be the m«thod of choice of most authors. How-
ever, there is little if any agreement among them as to thes best
method. Data have been obtained from samples ranging from pieces
to homogenates. Pressures applied range from 250 psig to over
10,000 psig; however, it is seldom clear whether these values refer
to rem pressures on the press or to the actual pressure applied

to the sample. Therefcre, it is difficult to determine just what

force was spplied to obtain the results stated.

The press method was selected for cdetermination of the water hold-
ing capacity of foods uvsed on this project. A water expression
die set vas constructed of stainless steel. This device consisted
of a 1.5 inch inside diameter sleeve info which two pistons or
rams were placad one above the othex., The top ram was solid metsl

with an "0" rirg seal o prevert leakage. The bottom ram was also

LA LU Y o S ~ - -
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ficted with an "0" ring seal, but this ram was hollow and a 1/32
inch hole was bored through the center of the ram haad. This hole
alloved expression of water from the food sample. A heavy woven
stainless steel screen vas placed on top of the bottom ram and a
die cut disc of #41h Whatman filter paper was placed on the wire
screen. The screen and filter allowed free passage of water but
prevented extrusion of the food sample through hole in the bottox

ram.

Food prnduct ..«mples for determination of water holding capacity
were prepared by immersion in 176 to 179.6°F vater as deocrtbéd
under procedure for determination cf total water absorption. Draine
samples wers transferred to the water expression die propared as
described above, a second disc of Whatman #41h filter paper was
placed on top of the sample and the top ram was lowered into the
slesve. The assembled die and sample were placed into a Wabash
hydraulic press model 12-10 and the unbound water was expressed
under pressure. Beef and chicken samples were subjected to a
force of 6,100 pounds or a pressure of 3446 psi on the sample
wicthin the 1.5 inch dismeter die. Vegetable samples were ext .ded
through the die at this force; consequently, they were subjected
to a force of 1,500 pounds or 847 psi on the sample within the 1.5
inch diameter die. Force was applied for one minute then released
2nd the pressed samples were removed and weighed. The amount of
unbound water was calculated as the difference between wet weight

and pressed weight of the sample.
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6. Headspace Volume

Heudspuace gas volume of the canned products was determined by twvo
methods. During analysis cf the headspace gas for oxygen and carbon
dioxide content, headspace volume was calculated from observations
of the cdn pressure prior to sampling, sample volume, can pressure
after sampling and barometric pressure. Volume results obtained

by this differential gas pressure method were verified by a liquid
displacement method. This method involved displacement of head-
space gas with 4 measured volume of ethyl dlcohol. Results of both
methods agreea very well. Results obtained were n~arly identical
for all cans of a4 given product. Headspace volumes for each product

were as follows:
% Volume

Headspace Of Storage

Volume, M1, Container
Beef 700 81.2
Chicken 600 69.6
Carrots 735 85.3
Spinach 776 90.0

Empty Container 862

SENSORY EVALUATION

A. Facilities

Environment influences the precision of judgments, The detection of
differences in food qualities requires conditions conducive to con-
centration. Samples were judged in a quiet area, free of interruptions
and distractions. Distraction was further reduced by use of a comfort-

able, air conditioned area.
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The use of individual booths in the test area davoided collaboration
or subtle influence of facial expressions of the other panel members,

assuring individual response.

Where color judgments wc.c not required or where appearance might in-
fluence judgment of the other attributes, products were judged under
lighting which masked any color differences. Conventional lighting

was employed only for the evaluation of the color of the vegetables.

B. Method
A mvltiple sample test was selected in order to compare product quali-
ties resulting from the various treatments to those of the control or
reference sample. A scalar difference from control test was used to

determine the extent and direction of difference. The rating form is

shown in the Appendix.

Testing was limited to four coded sampies and the identified control
or reference sample. The identified control was re-introduced intw
each experiment or included as a coded sample in order to document

the extent of bias and provide a uniform base for analysis of scores.

Presentation orders and coding were completely randomized among the

four commnodities.

C. Judges

Those individuals most capable of recognizing differences in quality
attributes were selected as panelists for each of the four commcdities.

Selection procedures are detailed in the Appendix.
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D. Sample Preparation

any variation in preparation technique influences judgment significantly.
For this reason, a standard method of preparation was employed for cach

product.

A weighed amount of each commodity was reconstituted in a specific volume
of water at 176 to 179.6°F. Samples were prepared without any seasoning.
The reconstitution period was held constant for each commodity. Table I

details reconstirution specifications.

TABLE 1
Sample Reconstitution Reconstitution

Product Sample Wet., Gm, Water, Uz, Time, Minutes
Beef Test 72.0 8 10

Control 144.0 16 10
Chicken Test 86.5 12 12

Control 169.0 24 12
Carrots Test 19.0 11 10

Control 38.0 22 10
Spinach Test 14.0 9 10

Control 28.0 18 10

During the reconstitution period, samples were protected from heat loss.
In addition, reconstitution vessels were set in insulating jackets for

sample service.

Forcelain crucibles were selected as service vessels. Odorless and

tasteless, thuse vessels did not impart foreign characteristics to the
samples. Flavor chara..eristics of a hot food may be markedly differ-
ent L{f foods are allowed to cuol. Accordingly, samples were served in

crucibles which had been heated to the specified reconstitution temper-
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acure. Preliminary triels indicated that a temperature of approximateiy

IQOOF prevailed during evaluation cf flavor, texture, and juiciness.

Each crucible was filled to essentially the same level for service.
During service of the beef samples, the various cuts were distributed
among the sample vessels. Similarly, essentially the same amount of
light and dark chicken meat were placed in each crucible. Individual
slices of carrot varied cnnsiderably in extent of fading on exposure
to oxygen; representative portions of the test samples were presented
to each pdanelist. Spinach was the most homogenous test product und

presented no service problems,

For service, crucil les were covered with heated watch glass covers. This
measure facilitated aroma judgment by controlling diffusion of volatile

components.

Using these procedures, samples were uniform as possible in all respe.ts

except those to be evaluated.

E. Schedule

To ascertain that the samples were e:sentially the same at zero-time,
each drier load was evaluated at the termination of the processiug cycie.
Test samples were withdrawn from storage and evaluated at monthly inter-

vals based on processing date.

STATISTZCAZL ANALYSES
all data relating to sensory and rehydration characteristics of the

samples stored at elevated temperature were tested for significance by
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dnalvsis of variunce according to tae method outlined by Snedecor (1956).

Vaices weve testea 4% the .05 d4nd .01 levels of probability.

The mathemdtical model assuated bsre is:

1 = .V - ~ "
,n-“‘eijkl AL T 0_1 + T ~4»r4l(')ij + 0T,

ik + HOTi;k +

i k €1kl

Where 44 1s the tre average valve over the whole experiment,
Mi represents the true differential effect of the ith

level of moisture.

O, represents the true differential effect of the jth

J

level of oxygen, etc.

For purposes of calculating the F-ratios, it was ass:med that moisture,

oxyget aud storage time were all fixed factors.

Since no true error term was avallable fiom this experiment, it was
assumed that the three-factor intersction would have very little, if any,

effect, and that its mean square could be used as the error term.

Where analysis of variance indicated that the storage atmosphere was

4 significant factor, the Duncan multiple range test for differences
between means was performed to identify the level of headspace oxygen
concentration associated with change in quality during storage. Values

were tested at the .01 and .005 levels of probability.

A 2-tail t-test was used to determine whether residual moisture content
affected oxygen absorption during stordge. Values were tested at the

.2y ard .0l and .001 levels of protabilitity.
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The litear and quadratic relationship of ratings of sensory qualities
was tested statistically aud usually proved valid in adequately present-
ing the data. The degree of certainty with which each regression line
represents the correlation for each sample over the entire storage
period was calculated. This correldation iy tabulated for each sample

in the deascription daccompanying each graph.
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BESF ANJ DISCJUSSIQN

F

t=

R 1

The redciions which cun cause loss of guality duriug storage of freeze-dehydrat-
ed bezef inciude browrirg reactior, oxidation by molecular oxygen, protein

dena*uvdrtion, cnzywe reactions, and microdial spoilage.

Dehvdrdtio~ fo low residveal morstare levels prezludes deterioration {rcuw wmicro-
bial soo’ldage auring stovage. While enzymes are gererally destroyed bty prelim-
inary hea: trzatment, res cual entvres have bes=n isolated in precooked foods
(Vleotz, 1762). Rowever er:zymatic deveriordtion appears to be relatively un-
imrortant {n dehydrated products with low residual mcisture contents. Accord-
.ngly, a combiration of both zooking pretreatment and adequate dehydration

shouvld prevent enzymatic deterioration during storage.

This nor-enzyratic chemical reactions are indicated as the primary causes of
detarioracion. While these reactions may be conveniently classified as oxi-
aative and ron-oxldative (Tappel, 1956), the reactions ire complex and inter-

dependent (Tappel, 1355).

Py virtue of the pozous structure, freese-dried foods expose 4 large surface
area, Products are therefore capatle of reacting chemically with large amounts
of o: gen. Based on in investigation of the mechanism of oxidative deterior-
a:fon in raw, freeze-dried beef, oxidation of ether soluble lipid; is a minor
factor, This fraction is responsitle for.approximately 10% of the total

oxygen sbsorbed. Move importantly, the oxidation of non-ether soliuble conju-
gated lipids such as phospholipids and iipoproteins can acccunt for 42 to 57%
of the absorbed oxvgen. The oxidation of non-lipid compo 'nt3 was also clearly
implicated in this study of oxidative deteriorarion (Tappel, 1956). The

investigation of Chlpaclt, et a. (1961), on the other hand, indicated that
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lipid oxidation predominates and that non-fat components of precooked, freeze

dehydrated beef do not absorb significant umounts of oxygen.

This apparent discrepancy reflects differences in the state of the protein

in vaw aud cooked beef. The ability of hemoglobin and myoglobin to combine
reversibly with oxygen depends on the specific protein linkiage with ndtive
globin. Accordirgly, denaturation of the globin destroys the ability of thesv
pigments to complex or react reversibly with large amounts of oxygen. Con-
versely, denaturdtion greatly increases the susceptibility of these pigments
to true oxidation (Watts, 1954). Susceptible as these pigments are after
denaturation, it appears that there is sufficieut time lapse for this oxi-
dation during subsequent phases of the processing cycle, i.e., prior to

dehydration.

Reaction of oxygen with neutral lipids, particularly the unsaturated fatty
ecids, causes rancidity. Unsaturated, conjugated lipids oxidize much more
rapidly and contribute stale, putrid odors and flavors. The final oxidation

products of unsuturated futs are primarily carbonyl compounds.

The principal non-oxidative deteriorative mechanism is the Maillard or brown-
ing reaction (Regier and Tappel, 19564a). Free amino groups of proteins aud
amino acids redct with carbonyl groups of naturally occurring reducing sugars,
glucose. mannose, and fructose, and their esters and with the aldehydes and
other carbonyl compounds which are formed by decomposition of labile hydro-

peroxides, the first stable reaction product of fat oxidation.

Since concentration of carbonyl compounds is one of the limitiug factors in

browning (Regiexr and Tappel, 1956B), concurrent unsaturated fat oxidation

N
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catalyzes browning through production of carbonyl compourds which are avail-
able for secondarv browning reactions (Tappel, 1955). Thus oxidative deter-
ioration is indirectly cocpled with active carbonyli-amine reactions aid can

account for the reiitiorchip between oxyger absorption and general deterior-

ioration of fresze-dried bheef.

In addition to concertration of carbonyl compounds, browning reaction is

regulated bty the presence of inhibitors as well as by pk, storage temperature,
and wo.sture conterr ‘Regler and Tappai, 19563) Accoriing to Salwin (1963),
moiscure in excass of the monclayer represents free water and promotes brown-

ing reaction.

Brownirg reactlon i characterlzed by the development of colorless inter-
rediace ¢ompounds which react reversibly. Further reaction of these compounds
yields yellow cr bhrown polymeric products. Characteristic color changes are
acconpanied by changes in flavor and aroma. These alterations are attributed
to the reaction nf carbonyl compounds with low molecular weight amines rather
than with proteins. In the early stages. browning reaction may improve palat-
ability of precooked, freeze-cehydrated beef through the development of beef
extract and roast flavors. However, in the later stages of storage, there is
complete loss of acceptability brought about by scorched, bitter flavors

(Clenst, 1962).

The preoteins of cooked meats are considered 'denatured". Therefore, sub-
sequent changes resulting from storage might be considered relatively un-
important. However, dried meats do change in texture during storage at

rates dependent on the temperature of storage and residual moilsture contient.
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Browning reaction causes insolubility of protein through introduction of
inter-protein bunds. HKowever, other cross linking mechanisms may be as
impertant as those associated with browning since toughening can occur with-

out any evidence of browning reaction (Connell, 1962).

RESULTS

Oxyger. Abs>rptiop

As indicated ir Table I, the absorption of oxvgen from the headspace of the
storage contiiner by precocked, freeze-dehydrated heef was essentially the
same at the two residual moisture loveis. At the 2 and 4% levels of initial
oxyger concentration, all of the oxygen had been absorbed during the first
month of storage. In these cases, oxygen uptake or oxidation was a function

of avaiiable oxyger.

Jnsatuzated {at oxidation generally increases with decreasing moisture couien
(Tappzl, 1956). However. according to Groschner, et al (1959), oxidative
processes require moisture and are ivhibited if residusl mcisture content
approximates 1 o 2%. Consequently, the differences in absorption of oxygen
by the dry material stored in 20% oxygen atmospheres were examined. Analysis
confirmed that no difference existed in amourts of oxygen absorbed at the two
mo’sture levels. There was an increase in the amount absorbed by the product
until the supply of oxygen was exhausted. As indicated, the rate of

absorption decreased with time,

The absorption of oxygen during storage in this study is in sharp contrast to
the desorption of oxygen noted in a storage study of raw and precooked,
freeze -dehydrated beef (Thompson, et al, 1962). The effect of various trans-

fers of product in afir i~ that st.dy as opposed to exposure of product to
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atmospheric oxygen for a one hour perisd in this investigation cannot be
judged. However, {* appedrs cthat variacion in other techniques could account
for differences in “he headspece oxygen concentration. There are two -ro-
ced:ures which must be considerei. 1he Iirs: of these is the release of
vacuum in the freeze-cd:iexr with dry air vather than nitrogen in Thompson's
study. Because of che porous striucture 5f the product, the first gas to
coutact the szrfaces {5 probably atscrbed to the greatest extent. According
to Slcntt (1962,, expos:re o 3lr or oxygen should bz avoided since, after
such expusure, sbsorted oxvgen (s difficult to remove from the product. Daca
rresented in the two healspace acrosvhere studies by Thompson, et al (1962
‘indicace that absorted ovyger .s desorted very slowly during storage. The
second aree of corcern is faiiure to evacvate and flush the storage container
repetizive’ y orior to sealing and srorage. However, as indicaced above, if
the vacuur of the freeze-drier .s relz2zsed with air, the rate of release of
oxygen may negate the effectiveness of any flushing technique. Reportediy,
some exposJre to air can be toleratec if the vacuum of the freeze-drier is

relessed with nitrogen,

To summarize these comments, it is generally agreed that releasing the vacuum
of the free:e-drier with nicroger and repetitive evacustion and nitrogen
flushing of the container during sealing operations are required for stability.
Powever, the relative irporitance of these procedures, particularly in regard
to the extent of repezitive evacuation and nitrogen flushing during sealing
operstions and the effectiveness of such procedures under various conditions

of opera:ior ,does nit appezr *o be docimented.
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Carbon Dioxide Production

Carbon dioxide production curing storage ol beef in this investigation is
shown in Table 1I. Carton dioride production by camples stored under the
lower oxygen partial pressures was evratic. While there was irregularity i
production by samples stored .n 20% oxvgen atmosphcres, there was a trena
toward increased produc-ion with incressing storugc time. Substantially
greater amounts of carbon dioxide were detected in the 20/ oxygen headspare
atmostheres of samplies processel to the 4% residual moisture level. Sharp
(1958), in detailing an Iinvestigation of browning reaction in freeze-dried.

precocked povk stored i1n nitrogen, also noted production of carbon dioxide

According to the review of browning reactiors in model systems compiled by
Hodge (1953), carbon dioxide me - be produced cduring browning in a number of
reactions. Known possible sources include:
1. The carboxyl group of the alpha amino acids.
2. The carboxyl groups of amines and amino acids other than alpha
3. The alpha carbon sugar radical in sugar-amine reactions that occur
in the presence of oxygen via oxicative fission of Amoradi re-

arrangement products.

Quality Ateritazes

AlL samples decreased Ln acceptabi{iity with increasing time of storage at
elevared temperat.re. Acceptability ratings terd to paralle! those for
aroma and flavor. Changes in these charac:eristics during storage are

shown in Figures 1 2, and 3.

Ranc:d ocors and flavors were not patcelved until the mid-point of the stor:

age reviod, '‘hese ~haractevistics were first detected in the 4% residual

. - ——
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mole:ure camples stored uvnder 20% oxygen atxosphere. An induction peviod
during which there Is minimal 2bsmrpzion of oxygen and little detectable
changs in product geaiities t¢ zypizal of autoxidative reactions involving
nevzrai lipids., “n corirascz, characiersistics of active cartonyl-amine brcwn-
irg were reacily arpavenc. Joth of these reazrlions proceeded more rapidly

in samples stores in 10% oxyger aimoscheres. Because of the variation in
vzres of these rezcsions and because the development of touillon and roast
quzifties might tend tc mask rancidicy, browning reac:-ion appeared to be

che maln deter.orazlve reaci.on durling storage.

Ratings cf tex:uve and julciness did not follow the same pattern. Although
3 downwarc trend is evident, the relé:ionship between these a:tribﬁtes and
storage variahles canno: e defired with confidence (Figures 4 and 5). The
wide variatlns in textuve and julciness found among different cuts from the
same arimal is well documented ir. the literature. Consequently, there was
considersble vari{2rion among sample: of besf from the same storage container
and this var‘ation was reflected i{n sensory ratings. During the study,
wrltiten groduct dgscript!ons were encouvrageé. The ipitial frequency of
comments regardling within-sample variations was considered significant.

Undoubredly, within-sample variaticn made the panel iess critical of changes

o~

n structural quallties. LDrvness and toughness were much more serious
rroblems than Zndicazed. These findings emphasize the necessity of eliminat-

ing this viriable fn the design of storage studies.

Rehydracion Caar .teristics

Inherent varizhility also obscures resules of thysical measurements of re-

hydrarZon charazveristics, Mearingfu)l data can only be obtained by comparing

she ¥
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the rehydration characteristics of adjacent samples of the same muscle.
The percent of water absorbed during rehydration is shown in Table III.
Table IV shows the perceni of locsely bound water. Mean values of duplicate

determirations wexe corrected for residual moisture content of the sample lot.

Statzietrical Anzlyses

a%le V summarizas che statlstical analyses of sensory judgments and re-

=1

=3

ydzazlon measurements. The analyses cf variance of sensory ratings of
acceptability, aroma, flavor, textuve, and julciness are presented in Tables
VI zhrough X; those »f rehydration meazsurements are shown in Tables XI and
XZi. Data for anilyses of variance of sensory characteristics are derived
from Tatles Xiii thro:gh XVil; tabled values represent the mean rating of

the ten tanelicsrs,

it is apparent that the storage atmosphere and duration of storage were the
major fac:ors in degradation of precooked, freeze-dehydrated beef held at
elevated storage temperature, The oxidative c¢Sfect was not significant at
the lowes:c level 5€ initial oxygen concentration. 1f oxygen is virtually
excluded, the lipids are relatively stable aud formation of carbonyl
comypounds which zan participate in browning reaction is restricted. However,
naturally orcurring carbohydrates support browning reactions. On these
bases, active carbonyl-amine browning reaction is the most important deter-

iorative wmechanism at very low levels of headspace oxygen concentration.

7t ie unfortunate that the experimental design did not permit evaluation of
the net effect of this limited oxidation. While temperaCutelrather than
concentration of carbonyl compounds s undoubzedly the major factor in rate
of browning, {r (s well to document this phenomenon for purchase speci-

ficatlion purposes.
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At these levels of residual moieture content, woisture was not a signi-
ficanc fachor In quallity excerr a# Lt may relate to rate of browning
zeactiors and to modexaticn of change in stxuctural properties. Dehydration
£0 a razidual milsture content of 2 percent did not inhibiﬁ browning reaction
appreciably sver zhe sziovage pexiod.

PRV

Obieczive mezruvements suppriried the secgory evaluations of texture and
Julciness, Duying ko ihe Lower residwal moisture content appeared to have
1ffected rTehydrazion. 7he 4% colsture samples rehydrated to a greater

axtent, This fd43ltlonel water was not tightly bound and was released

Pamr arnd Deatherzge (19560} investigared the effect 0f extent of dehydration
or. water kolding capecsicy of raw frecze-drled beef. The degree of dehydra-
cZon Ilnfluenzed the amount of tightly bsund water adsorbed in mono-and
multi-moleculiay Laysrs bv cexriain protein polar groups. Dehydration caused
biochemical chunges “n muscle tl33ue through removal of water molecules
localized between peptide chalns and attsched to protein polar groups.

This resulting proximity of adjacent peptide chaina caused new cross linkages.

Ags the coneequenze of this tightering of the sgatial structure, there was a

decrezze in water holdling cazscizy.
r

Ferhaps becsuse of the difference in siructure caused by cooking and the
relative rate of browning, this effec: was not noted during this investi-
gation. The higher molsture content did afford some protection, however,
to the degree of rehydratiorn. Stbjectively, thie easily expressed or unbound
water gave the ilucrecsion of bezter structure, since dryness of samples

wag not ag apparent as 1t wie 4. Lthe lower residual moisture level. However,
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as previously irndiceted these observations are subject to question because

of vandomizstion of cuts.

Mozgcure level may be responsible for the terminal appearance of rancidity
in the &V molisture sarple s:ored under 4% oxygen atmosphere and for the

beef Zrisd to the 4% residual moisture -

A~
-
.
n
o
H
ro
'
s

earlier dstectlion of ranc

level and s:orel under 20X oxygen artreschere.

The resid:ual molisture leve. 3appeared Lo 3ifect the rate of oxidation. While
absovption of oxygen by rrodict dried to the two residual moisture levels
was szsenz/4all the same, it appears thé: the chemical use of oxygen by the ™~
49 3ubstrates varieg, The oxidative reactiosns which occur cannot be

corsidered 8s & c.ingie entity for contyol purposes.

Apgarenzly, ~he highsr moisture level faciiitates hydrolysis of those lipids
ecponsible for rencidicy. The srientation of unsaturated fatty acids at
an Inievface can have a profound effect or cxidative reactions. Watts (1954)
lavestigated “he effect of orlernzazion on o;idation of fatty acids. The

oxl2azion of oleic acid, che principal rorponent in the ether extractable

lipids of buef, fs facilitated by orientation &t polar hydroxyl groups.

Convergely, lower levels of xoisture appesr to accelerate the oxidation of
conivgated 1lplds since varlations in rates of these two oxidative reactions
ar tte two moisture levels were compernsatory. To the authors' knowledge,
~he effect of orientation on oxidation of non-ether extractable lipids has
nor beer documented, However, these compounds could react in a manner
sim’lar ts 2hal incicaved by Watte for the more highly unsaturated ether

sclutle fanty acids. Alchovgh the vate of oxidation of the more highly

et - e e e s
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unsaturated fatty acids is more rapid with incressing degree of unsaturation
under a given condition, the oxidation of highly unsaturated fatty acids as

linoleic and linol=nic is retarded by orientation at polar hydroxyl groups.

These observations should be documented by physical and chemical investi-
gation to define the relationship between extent of dehydration and the

site of bound water and to determine the relationship between the residual
moisture content of precooked freeze-dried foods and the type and rate of

deteriorative reaction under various conditions of processing and storage.

Terminal Characteristics

Table XVIII describes product characteristics at the teruination of the
storage period. Typical amine odor and colors are sppareat in the de-
hydrated state. Both of these characteristics intensify with rehydration.
As indicated, oily the products stored under 2% initial oxygen atmosphere
can be considered scceptable. Yet these products eraidbit gross defects,
particularly in structural characteristics. Stored under apparently opti-
wum conditions, lowv storage temperature and inert gas atmosphere, there

a8 no detectable changs in the 2X moisture cont.ol samples during storage.

RECOMENDATIONS
It 1s essential that precooked, freess dehydrated beef be handled and
stored with little or no exposur~ to atmospheric oxygen. These results
emphasize the merit of retaining and perhaps reinforcing provisions of
procurement specifications which deal with exposure to oxyren. Product
dried to the lower residual woisture level can tolerate somewhst greater

amounts of oxygen without exhibiting the same extent of browning reaction

or rancidity.
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Moisture level appeared to exert a significant effect on structural character-
istics. Ag these low lchla of moisture, processing time and product through-
out are iwportant economic factors. If the reported variation in moisture
content among samples from commercial drier loads can be adequately controlled
4% residual moisture comtent could be specified. As previcusly notad,
recommendations relative to the effect of moisture on structurai character-
istics are subject to qualificatiorn., However, as indicated by variations in
the development of rancidity, such a spacification would necessitate absolute
assurance of handling procedures in respect to exposure to oxygen. Accord-
ingly, any specification for residual moisture level is necessarily compromis-

ed by individral processing procedures.
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ABSORPTION OF HEADSPACE OXYGEN, ML. PER GRAM

Initial
Residual Storage
Moisture Atmosphere
Percent % Oxygen
2 2
4
20
4 2
4
20
Control 0

CARBON DIOXIDE IN MEADSPACE OF STORAGE COMTAINER, ML. PER GRAM

Initial
Residual Storags
Moisture, Atmosphers,
Percent % Oxygen
2 2
4
20
4 2
4
20
Control 0

0.11
0.22
0.57
0.12
0.23
0.60

-

0
0
0
0
0

0.062

0

Months of Storage

2 3
0.11 0.11
0.22 0.22
0.81 1.04
0.12 0.12
0.23 $.23
0.92 1.11

0 0
TABIE 11

rd 3

0 0

0 0
0.061 0.068
0 0

0 0.027
0.137 0.116
0 0

0.11
0.22
1.29
0.12
0.23

1.23
0

0.11
0.22
1.29
0.12
0.23
1.28
0

Mouths of Storage

6

.068

027
0
0
0

0.144

0

0.07%

0.027

0.089

0.199
0

0.11
0.22
1.29
0.12
0.23
1.31
0

0.157
0
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BEEF ACCEPTABILITY
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Figure 2 Page 33
BEEF ARuMA
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BEEF FLAVOR

A. 2% Moisture Samples

Initial Storage Atmosphere: % Oxygen: 2
4
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Months of Storage

Correlation/Initial Storage Atmosphere - 2: .80; &: .91; 20: .85
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4
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BEEF TEXTURE
A. 2% Moisture Samples
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BEEF .nncmss
A. 2% Moisture Samples

Initisl storage Atmosphere: %, Oxygen:

T
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Months. of Storage
e - 2: .65 & .89; 20: A7
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TABLE II1 se

WATER ABSORBED DURING RECONSTITUTION,
PERCENT DRY WEIGHT ADJUSTED FOR RESIDUAL MOISTURE CONTENT OF THE LOT
Initial Months of Storage

Rasidual Headspace
Moisture, Oxygen

Percent Percent 1 2 3 4 5 6
2 2 133 137 113 127 120 113
4 120 129 125 131 122 128
20 125 132 114 127 111 128
4 2 142 124 137 144 126 126
4 131 125 160 132 124 127
20 125 122 128 126 131 125
TABLE IV
UNBOUNWD WATER,

PERCENT DRY WEIGHT ADJUSTED FOR RESIDUAL MOISTURE CONTENT OF THRE LOT

Initial Months of Storage

Residual Neadspace
Moisture, Oxygen,

Percent Percent 1 2 k| 4 S 6
2 2 63 64 52 49 52 45
4 L) 53 60 56 42 49
20 43 64 &6 59 (Y, 85
4 2 62 55 60 73 57 59
4 $7 L7 58 66 ] 58
20 59 56 58 58 S$? LY}
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Source of
Variatioa

Moisture, M
Oxygen, 0
Storage Time, T
MO

MT

0T

MOT (Error)

TOTAL

Source of
Varistion
Moisture, M
Oxygen, 0
Scorage Time, T
MO

MT

ar

MOT (Error)

TCTAL

TABLE VI

ANALYSIS OF VARIANCE: BEEF ACCEPTABILITY

Degrees of Sum of Mean
Fraedom Squeres Square
1 1.43161 1.43161
2 9.17947 4.58974
5 25.65131 5.13026
2 .31886 .15943
5 5.93265 1.18653
10 2.02265 .20726
10 2.94492 . 29449
35 47.48147
TABLE V11

ANALYSIS OF VARIANCE: BEEF AROMA

Degrees of Sum of Mean

freedom Squares Squ e
1 03330 .03330
2 3.57875 1.78937
S 17.30312 3.46062
2 46321 .”3161
S 4.53217 .90643
1¢ 1,51892 .15189
10 2.64836 . 26484

35 30.07783
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Calculated
F Ratio

4.86
15.59 **
17.62 ™
.54
4.03 *
.69

Calculated
F Ratlo
.13

*
6.76

13.07 ™
.87

"

3.42
.57



Source of
Variation
Moisture, M
Cxygen, O
Storage Time, T
MO

MT

or

MOT (Er.orv)

Tota.

source of
Varietion

Molstere, N
ouygen, O
Storage Timwe, T
MO

NT

or

MOt (Error)

Total

TABLE VIII

ANALYSIS OF VARIANCE: BEEF FLAV'R

Degrees of Sum of Mean
Freadom Squares Sq sare
1 .55007 .55007
2 14.67056 7.33528
5 26.44951 5.28990
2 .20872 .10436
5 4.77472 .95494
10 2.20247  .22025
10 2.61314 ' ,24131
35 51.26919
TABLE IX

ANALYSIS OF VARIANCE: BEEF TZXTURE

Degrees of ° = Sum of Mean

Freedom Squares Square
1 1.27502 1.27502
2 1.32488 .6624
L) 9.66009 1.93201
2 41979 . 20990
5 3.65800 .73160
% 1.26439 .12644

10 2.37130 .23713

35 19.97347
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Calculated
F Ratio
2.28
*-
30.40
e - p %
21.92
.43
*
3.99

.91

Calculated
F Ratin

5.38 *

2.79
8.15 ™
.89

3.09

.53



Source of Degrees of Sum of Mean Calc:lated
Variation Freedom Squares Square F Ratio
Moisture, M 1 3.09174 3.09174 17.97 **
Oxygen, O 2 .30334 .15167 .88
Storage Time, T 5 5.37451 1.07490 6.:5 "™
MO 2 .16167 .08084 4?7
MT 5 3.C4118 .60823 3.5
or 10 1.43303 .14330 .83
MOT (Error) 10 1.72036 .17204
TOTAL 35 15.1258,
TABLE X1

ANALYSIS OF VARIANCE: WATER ABSORRED DURING RECONSTITUTION,

PERCENY DRY W:ICHT ADJUSTED FOR RESIDUAL MOISTURRE CONTENT OF THE LOT
Source of Degrees of $um of Mean Calcviated
Variation Fresdon 8quares Syvare F Ratio
Motsture, M 1 .02778 .02778 9.99 *
Oxygen, 2 .01102 .00531 1.98
Scorage Time, T ) 03172 .00634 2.28
MO 2 .00702 .00351 1.26
Mr 5 .05709 01142 sm*
o1 10 .04055 .00406 1.46
MOT (Erxror) 10 .02781 .00278
TOTAL 35 .20299

ANALYSIS OF VARIANCE:

" TABLE X

R 7R ) eaR

BEEF JUICINESS
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TABLE XII : Page 42
ANALYSIS OF VARIANCE: UNBOUND WATER,
PERCENT DRY WRIGHT ADJUSTED FOR RESIDUAL MOISTURE CONTENT OF THE LOT

Source of Degrees of Sum of Mean Calculated
Variation Freedom Squares Square F Ratio
Mofsture, M 1 .02890 .02890 8.70 *
Oxygen, © 2 .00695 .00348 1.05
Storage Iime, T 5 .03163 .00633 1.91
MO 2 .J0065 .00033 .10
MT S .02407 .00481 1.45
or 10 .02722 .00272 .82
MOT (Error) 10 ,03318 .00332
Total 35 .15260

TABLE XIII

b

BERF ACCEPTABILITY, MEAN VALUK

OR TIR STUDY
Ianicial Months of Storage
Residual Readspace
Moisturs, Oxygen,
Percent Percent 1 2 3 4 5 6
2 6.150 5.700 5.200 4.625 3.650 4,500
2 . 4 5.700 5.250 4.875 4.450 3.725 4.100
20 4.450 4.7G0 3.475 3.425 2.650 3.425
2 6.500 5.750  5.900  4.800  5.250  &4.425
4 4 6.700-. 4.400 6.000 4.025 4.277 3.550

20 7.800 3.900 6.275 5.100 3.777 2.800
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BEEF AROMA, MEAN VALUE

FOR THE STUDY
Initial Months of Storage
Residual Headspace
Moisture, Oxygen,
Percent Percent 1 2 3 4 5 6
2 2 6.250 5.375 4.950 4.700 3.650 5.450
4 6.100 5.573 4.750 4.450 4.250 4.950
20 5.200 4.975 3.500 4,85 3.250 3.9
4 2 6.300 5.500 5.150 4.200 5.330 5.100
4 6.250 4.650 5.300 3.600 4.220 4.500
20 6.950 64.650 5.100 3.150 4.170 3.300
TARIE XV
JERF FLAVOR, MEAN VALIE
JOR TR STUDY
Inftial Months of St-vage
Residual Neadspace
Moisture, Oxygen,
Percent Percent 1 2 3 & S )
2 2 6.650 $.675 4.950 5.050 3.65%0 %.950
4 6.050 3.425 4.700 4.800 3.850 4.200
20 4.900 4.525 3.000 3.450 2.950 3.2%
4 2 6.800 5.950 $.800 5.050 5.170 4.600
4 6.600 4.450 3.800 4.350 4.330 3.75%

20 7.400 3.450 4.025 2.850 3.590 2.600



Residual
Moisture,
Percent

Residual
Moisture,
Percent

Initial
Headspace
Oxygen

Percent

2
4 .

»

Inftiel

Headspace
Oxygen,

Percent

20

TABLE XVI

BEZF TEXTURE, MEAN VALUE

FCR THE STUDY

5.150
5.200
4.250

6.100
5.800
7.050

BEEF JUICINESS, MEAN VALUE

5.400
5.350
4.800

6.000
5.250
6‘6”

TABLE XVII

Months of Storage

2.250
5.200
5.300

6.300
5.700
4.875

FOR THE STUDY

5.450
5.500
4.800

6.450
6.200
7.850

5.650
5.300
4.900

5.600
5.050
4.650

Months of Storage

3

5.000
5.000
5.000

6.000
5.900
5.950

4

4.650
4.950

4.000

5.3” X

5.350
5.150

4

5.450
50150
4.750

5.950
5.850
5.350

Fage 44

4.600
4.450
4.3”

5.390
4.720
3.940

4.650
4.8”
4.450

5.330
5.280
4.940

4. 200
4.450
4.600

4.000
3.500
3.800

4.700
4.700
5.300

5.200

4.900
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iI. CHICKEN

According to Harper, et al (1957), the mechanisms of storage deterioration

of freeze-dried chicken are probably the same as those of beef.

Differences in the characteristics or reactions are attributsble to species

variation in such factors as type and degree of unsaturation of fat, content

of globin nnd'np.cific amino acids, and relative pigmentation.

Seitzer {1961), reviewing processing and storage criteria for freeze-
dehydrated chicken, stated chat freeze-dehydrated chicken deteriorated quits
rapidly vhen exposed to air and stored at elevated temperatures. Further-
wmore, the induction period for autoxidation of free fat may be completed
during processing, resulting in early development of rancidity during

storage.

The mechanism of oxidative deteriorstion of freeze-dehydrated chicken was
studied by Chipault, et al (1961). As in their study of precooked, freeze-
dehydrated beef, these investigators observed that lipid oxidation can
accouat for virtually all of the oxygen absorbed. Fat free tissue oxidized
quite slowly. While residusl 1lipids in the samples could account for this
oxidation, the possidbility of oxidation of protein, destroying labile amino
acide; was also considered. Hsre again, the initial rapid rate of oxi-
dation of the whole tissue suggested that the oxygen absorbed was used
primarily to oxidize the non-ether extractable lipids and that decrease in
rate of reaction was attributable to exhaustion of tissue supply of therce
unstable fatty acids. An induction period was typical nf oxidation of
ether extractable lipids., Oxidation of the bound lipids did not appear to

have s prooxygenic effect on ether extractable lipids. Thus the relative
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participation of these two reactions in degradation of product in a closed

vessel is a function of available oxygen and bound lipid content.

If moisture content exceeds 3%, carbonyl-amine browning occurs rapidly in
chicken; other storage varisbles necessary for this reaction were not

specified in the review (Seltzer, 1961).

Dryness and toughness are the most serious deficiencies associated with
freeze-dehydration of chicken and storage under mild conditions. (Tappel,

et al, 1957 and Seltzer, 1961).

RESULTS

Oxygen Absorption

The absorption of headspace oxygen by freeze-dehydrated chicken is shown in
Table I. At the terwmination of the first month of storage, the available
oxygen had been absorbed by samples stored under lc/ oxygen prcssures and
all or essentially all of the available oxygen had been absorbad by the
samples stored in the 20% oxygen atmospheres. The minor variation in amount
of oxygen absorbed by samples stored in 207 oxygen atmospheres was not

statistically significant,

This rapid absorption was also demonstrated in the study of oxidative mechan-
isms conducted by Chipault, et al (1961) and is considered characteristic of
this tissue. It has long been known that the neutral fats of chicken are
more easily oxidized than those of beef. Species differences are attributed
primacily to fatty acid composition. The susceptibility of fat to oxidation
depends on degree of unsaturation. For example, according to Watts (1954),
linoleic acid may comprise 1 to 2% of the total triglycerides of beef and 8

to 31% of those of poultry.

LT s Wr b A —————— o eierme -
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Carbon Dioxide Froduction

Table I shows the production of carbon dioxide during storage. Variatic~
in the amount of carbon dioxide produced by samples processed to the two
residual moisture levels and stored under 20% oxygen atmospheres is nota-
vworthy. The reason for this extreme variation is not apparent. However
carbon dioxide production could be reiated to acceleration of reactions at
the higher residual mcisture level, i.e., browning reaction with concurrc. ¢

hydrolysis of certain free fats.

Rehydration Measurements

Measurement of the smounts of water absorbed during reconstitution and
easily expressed under pressure are shown in Tables III and IV, Data
indicate inherent variability in raw product and the difficulty in conduci
ing an ot jective anslysis of these characteristica on samples which might
vary widely in rehydration characteristics. It should be noted that, eithe
in the dehydrated or rehydrated state, it was quite difficult to distinguis
the breast from the thigh meat and that the majority of the cubes appcaged

to represent both of these tissues.

Hesm (1960), reviewing the biochemistry of meat hydration, indicated that
hydration may be species related. There were indications that water holdiy
capacity decreased in the following order: pork, beef, chicken. Apparent!
the fibrillar protein content is essentially the same among species bu. the
content of globular protein is species dependent. Meats with the greater
content of globular protein appear to have greater water binding capacity.
Because of variation in fat content, rehydration measurements of the two

meat products in this study are not directly comparable.

LR T
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Quality Attributes

Figures 1, 2 and 3 show the changes in quality attributes of acceptability,
aroma, and flavor during the storage period. A very close correlation between

deteriorative changes in these gualities is apparent.

Changes in structura. characteristics during storage shown in Figures 4 and 5
appear to be slight and irregular. Agairn, deterioration in structural qualities
during storage was much more serious than indicated by the relative rating of
samples. Biological variability undouttedly influenced the scoring pattern.
However, it is more probable that presentation of compressed blocks of samples
generally composed of both light and derk meat confounded the evaluation of

these attributes and made the paneliests reluctant tc document changes.

Statistical Analyses

The summary of statistical analyses is prosented in _able V. Analyses of
variance of sensory characteristics and rehydration measurements are shown
in Tables VI through XII. Tabies XI1I through XVII 3;how the average ratings

of sensory qualities by the panelists through the study.

At this storage temperature, the oxygen content of the headspace was the most
important storage variable. As indicated, only thuse samples stored under

the lowest oxygen pressure failed to exhibit significant change attributable
to oxidation during storage. Oxidation of non-ether soluble lipids appeared

to be the primuary deteriorative reaction.

According to Tappel, et al (1957) precooked chicken, freeze-dried to a
residual moisture conten: of 2% and stored in a nitrogen atmosphere at 130°F,
exhibited pronounced browning at the “ern..nation of the four month storage

perifod. Product stored unde~ identical conditions at 100°F apparently did
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not exhibit this characteristic and was reported to have good storage
stabilicy at 100°F for six months. Although some variation in flavor was
indicated, no color change was observed between the stored sample and
freshly dehydrated product. In the absence of oxygen and at this low
residual moisture level, browning reaction in chicken sppeared to be temper

ature correlated.

Similarly, browning reaction did not appear to be a primary reaction in ti.
study of storage stability of precooked, freezc-dehydrated chicken stored
under various oxygen atmospheres. However, since carbonyl compounds are
products of fat oxidation and since fat oxidation lsading to rancidity is
known to have occurred, the reason for failure to exhibit typical charactex
istics of browning reaction is obscure. Accordingly, there are several

observations which should be made at this point,

The characteristics observed correspond quite closely with those reported b
Rolfe and Monro in a study of pracooked minced dehydrated pork stored under
various conditions (S8harp and Roife, 1958). The comparison sppears apt in
viev of the preponderance of highiy unsaturated fatty acids in both sub-
trates. Rolfe and Monro observed ths development of mealy attributes and
yellow to yellow-orange color in meat adjacent to oxygen, while the remaind
0f the compressed block exhibited characteristics typical of non-oxidative
browning reactior.. These atypical characteristizs also develoyed when loose
packed granules of dehydrated meat treasted with antioxidants were stored in
air, The authors coiicluded that normal non-oxidative browning reaction whi:
gives rise to meat extract, roast flavors and to brown discoloration was

blocked at sore stage when oxygen was present.
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The develcpment cf unpleasant odors described as stale and putrid vas also
noted during the study of oxidative deteriorarion of chicken (Chi;. uit, e

al, 196]). Data o:tained in a subsecuent phiie of that investiga:c..: -ndicated
that bound lipid oxidation does not involv: chain propagation ani i+ « coa-
sequence, convenzional antfoxilarts whizh irhibir chain reaction. .ould oe

ineffective in preventing de.exioration causcd by oxi:Zation of buacd lipids.

Here it not for the similarity ir characterictics and for the knowa far oxi-
dation, lack of browning might te tzlaved o :nd>rage temperature, substrate
or poultry pretreaiment, sach as ar aging rrocecure, which would -ztard
¢lycolysis and iirit the supply £ anv rat:rz.ly occurring reduci.g sugars.
That s, no brown discolorstion cculd be expeccea 1if there were caly a trace

of reducing eugars present.

The dangers in generalizing from “he observatioas madc during this study of
beef and that study of pork, i.¢ ., from one product %o another, arc recognized.
Neither this study nor that of Rolfe and Monro were substantiated Ly adequate
chemical and physical tests. However, these stypical characteri-tics may be
just other manifestations of browning resction rather than inhibition of

hrowning reaction by oxygen,

Sfince the volatile aldehydes of fats are known to vary in chsracteristics,
there is no reason to cxpect that any given set of characteristics say be
regarded as typlcal of browning reactions which occur under a wide iariety

of cnaditions,

Pippen, e- al (1958) invea:lgated the volacile carbonyls of raw chicken under
oxidative conditions. tiwever, the specific cavbunyl compounds fsolutcod

were not relatad to prcauct characteristics. The precise relationship

e - - on e m v e e e e
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between sensory qualities and type of carbonyl compound and possible route of

browning merits investigation.

As indicated by Hodge (1953). the many different reactants and relations

which are known to occur during browning in model systems necessitate analysis
of the browning complex by identification of individual reactants snd reactions
in ooth model and natural food systems. Under a given set of conditions, th-
operative routes of browning and the extent to which one reaction affects

another in a given food must be determined.

From the thorough review and organization of available literature (Hodge, 1953
several salienc points deserve consideration:

1. The monomeric compound isolated from acidic glucose-glycine condens-
ation product of browning reaction is nearly colorless but produces
color on heating in water. This condensation product is more stabl.
on standing in air tha: nrimal N-gubstituted glycosylamines.

2. Autoiscmerization is s general characteristic of aldosylamines since
most of them show decomposition to some extent on storage. However,
if the beta hydroxyl is substituted, the Amoradi rearrangement and,
therefore, browning which might otherwise have occurred is blocked.
The beta hydroxyl is essential for the occurrence of a significant
degree of browning.

3. The fission products of sugars vary considerably in their potential
for browning. Fragments which contain the alpha hydroxycarbonyl
group undergo browning alone in aqueous solution and, in the pre-
sence of amino acids, browning is accelerated. In a study of non-
amino systems, it was shown, by heating various dicarboxylic acids
with hydroxymethyl furfural, that an alpha hydroxyl group is re-

quired for the occurrence of browning.
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..ldehydes formed by the Strecker degradation are a possible source
of browning. These compounds condense with themselves, with sugar
fragments, other dehydration products, or with aldimines and
ketimines to form brown pigments. Proteins and amino acius undergo
very rapid browning with acetaldehyde but no browning is obtained
with formaldehyde. Since glycine which yields formaldehyde by
Strecker degradation browns in some cases more and in other cases
nearly as rapidly as alanine which yields acetaldehyde, it 1is
apparent that production of aldehydes from alpha amino acids by
Strecker degradation could not be a major color producing reaction.
In the final stage of browning, intermediate compounds polymerize
to form unsaturated colored polymers. Because of similarities

in composition and properties of melanoidins derived from the
reactions of glycine with glucose, mannose, xylose, furfural or
pyruvcldehyde, it was assumed that these melanoidins were derived
from similar intermediates. It is now known that there are
significant differences among furfural-glycine melanoidin (high
content of ether bound oxygen), glucose-glycine melanoidin (high
centent of alcoholic hydroxyl groups), and pyruvaldehyde-glycine
melanoidin (high content o) enolic hydroxyl groups and low content
of cticr bound oxygen). The melanoidins derived from acetaldehyde-
glycince or pyrwicacid-glycine give colors different from that of
furfural melanoidin, indicating a possible difference in structure.
Aldol condensation of pyruvaldehyde has been postulated as the
initizl rcaction in melanoidin formation. Since sugar-amine brown-
ing is indcpendent of atmospheric oxygen, reactions arc considered

protea transfer reactions. However, atmospheric oxidation may
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contribute to browming. Some type of oxidation is necessary for
the browning of reductones but this need not be supplied by the
storage atmosghere. Air oxidation might serve to diminish the
extent of color formation by converting the very active compounds
such as pyruvaldehyde to less active compounds such as pyruvic

acid.

As Hodge indicated, reactions observed in model systems should promote solution
to problems in food technology. While the possible relationship of any of the
above mentioned reactions to those observed in Chis study cannot be documented,

the observations do serve to indicate pcssible avenues of investigation.

The fact tha* storage time was not significant to qualities of flavor and
aroma of test samples in this investigation is indicative of the rapid rate
of oxidation during packaging under atmospheric oxygen and storage under the

various oxygen pressures.

None of the storage varisbles affected the degree of reconstitution of the
test samples. However, there was s significant change in water holding
capacity with storage time. Accordingly, storage temperature may play a
predominant role in change in the ability of tissues to hold immobilized
water. Subjective evaluation of juiciness followed the same pacttern as

changes in water holding capacity.

The effect of moisture on loss of water holding capacity of samples stored
under the various oxyget atmospheras varies. The 2% residual moisture test
samples exhibited a progressive luss in water holding capacity with increas-
ing amounts of initial headspace oxygen. In contrast, the 4% residual

noisture sample stored in 20% oxygen atmosphere exhibited a greater ability
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to immobilize water than samples of the same moisture content stored under lower
oxygen pressures. This capacity, however, is related to development of the
mealy attribute and does not signify an improvement in structural properties.

In the mouth, this product seemed to possess the absorbancy of diatomaceous
earth at the termination of storage. Conversely, with storage under lower
oxygen pressures, the samples with higher residual moisture content expressed
more water under pressure than those dried to the lower moisture level.
Panelists also implicated storage atmosphere as a factor in development of

this extremely dry, mealy characteristic.

Terminal Characteristics

Table XVIII details characteristics at the termination of the storage period.
No change in color could be detected in the dehydrated samples. A yellow
cast developed in all test samples after rehydration in 176 - 179 .:6°F water;
visually, there was no discernible difference in color among the six test

samples.

Only the control samples stored at -10°F {n an atmosphere of pre-purified
nitrogen failed to exhibit noticeable defects. The primary effect of storage
under the lowest oxygen pressure was change : in structural characteristics.
While other deteriorative changes were observed, variations in flavor and

aroma in these samples did not limit storage life.

The variation in rate of development of rancidity in the remaining samples
implicates moisture level and indicates that the influence of moisture
content on oxidation of both ether extractable and non-ether extractable
lipid fractions should be investigated in order to define processing speci-

fications for maximum stability.

[ SN
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BECOMRIDATIONS

At the lowest oxygen pressure, variation in residual moisture content within
the 2 to 4% rangs did not affect product characteristics significantly.
Product dried to the lower residual moisture level tolerates somewhat
greater amounts of oxygen. The deterioration noted in these samples
suggests that exposure to oxygen should be avoided. Since chicken oxidizes
readily and molecular oxygen is tightly bound, packaging criteria may not be

meaningful in terms of restricting oxidation of bound lipids.




ResiZual
Moisture,
Percent

Control

CARBON DIOXIDE IN HEADSPACE OF STORAGE CONTAINER, ML. PER GRAM

Residusl
Moisture,
Percent

Control

ABSORPTION OF MEADSPACE OXYGEN, ML. PER GRAM

Inicial

Headspace

Oxygen,

Percent |
2 0.081
4 0.162
20 0.951
2 0.083
4 0.166
20 0.852
0 0

Initial

Headspace

Oxygen,

Percent 1
2 0
4 0
20 0
2 0
4 0
20 0.047
0 0

TABLE 1

0.081
0.162
0.951

0.083
0.166
0.970
0

TABIE 1I

0.083
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Months of Storage

0.

o.

0

0

0

o.

0

Months of Storage

081

162

.951

.083
.166

970

0
0
0.030

0

0.081
0.162

0.951

0.083
0.166
0.970

0

0
0.018
0.053

0

0.081
0.162

0.951

0.0823
0.166
0.970

0

0.047

0.081
0.162

0.951

0.083
0.166

0.970

0.018
0.018




WATER ABSORBED DURING RECONSTITUTION,

TABLE I1I1
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PERCENT DRY WEIGHT ADJUSTED FOR RESIDUAL MOISTURE CONTENT OF THE LOT

Residual
Moisture,
Percent

Initial
Headspace
Oxygen,
Percent

2¢

148
117
150

170
161
136

Months of Storage

2 3

102 108
149 116
162 146
160 119
127 117
125 124

TABLE IV

147
131
139

140
170
155

143
146

150

169
169
138

126
150
131

145
155
148

PERCENT DRY WEIGHT ADJUSTED FOR RESIDUAL MOISTURE CONTENT OF THE LOT

Residual
Moisture,
Percent

Initial
Headspace

Oxygen,

Jercent

20

52

33

68
36

40
39
68

33
45
47

Months of Storage

32
43

40

46

56
48
55

51

58

52
58
38

70
68
48

48

49

59
74
58
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CHICKEN ACCEPTABILITY

A. 2% Moisture Samples
Initial Storage Atmosphere, % Oxygen: 2 ,
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Months of Storage

Correlation/Initial Storage Atmosphere - 2%: .77; 4%: .75; 20%: .59
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Figure 2
CHICKEN AROMA
A. 2% Moisture Samples
Initial Storage Atmosphere, » Oxygen: 2.
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Figure 3 Page 61
CHICKEN FLAVOR
A. 2% Moisture Samples
Initial Storage Atmosphere, % Oxygen: 2 .,
)
20/

p—

t 2 3 Y § 6
Months of Storage

Correlation/Initial Storage Acmosphere - 2%: .55; 4%: .26; 20%: .73

B. 4% Moisture Samples
Initial Storage Atmosphere, % Oxygen: 2 ,
‘4o
0

1 2 3 ¥ 5 ¢
Months of Storage

Correlation/Initial Storage Atwosphere - 2%: .97; 4%: .68; 20% .61
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CHICKEN TEXTURE
A. 2% Moisture Samples
Initial Storage Atmosphere, % Oxygen: 2
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Months of Storage
Correlation/Initial Storage Atmosphere - 2%: .28, 4%: .36; 20%: .29
B. 4% Moisture Sawmples
Initial Storage Atmosphere, % Oxygen: 2
4 (
7 20 |
& 4——-.-f:::::=’-49
s
]
3
2
‘ =<
1 2 s ¢ 'g

Moaths of Storage

Correlation/Initial Storage Atmosphere - 2%: .84; 4%: .52; 20%: .87




Rating

Rating
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CRICKEN JUTCINESS

A. 2% Moisture Samples

Initial Storage Atmosphere, % Oxygen: 2 .

40
204

ﬂ

i 2 C ¥ s ¢
Months of Storage
Coreelation/Initisl Storage Atmosphere - 2: .26° 4: .53, 20: .28
B. 4% Moisture Samples
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&
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TABLE VI age 63

ANALYSIS OF VARIANCE: CHICKEN ACCEPTABILITY

Source of Degrees of Sum of Mean Calculated
Variation Freedom Squares Square F Ratio
Moisture, M 1 .20718 .20718 1.17
Oxygen, 0 2 13.34467 6.67234 37.83 ™
Storage Time, T 5 5.71558 1.14312 6.48 *
MO 2 04764 .0238 .13
MT S 1.14488 . 22898 1.30
oT 10 1.98687 .19869 1.13
MOT (Error) 10 1.76372 17637
TOTAL 35 24.21054

TABLE VI1

ANALYSIS OF VARIANCE: CHICKEN AROMA

Source of Degrees of Sum of Mean Calculated
Variation Freedom Squares Square F Ratio
Moisture, M 1 11111 .11111 .21
Oxygen, 0 2 9.26995 4.63497 s.n ™
Storage Time, T 5 7.69118 1.53823 2.89

MO 2 .11423 .05711 .11

MT 5 . 74806 14961 .28

or 10 1.63552 .16355 31
MOT (Brror) 10 5.31957 .53196

TOTAL 35 24 .88%62




Source of
Variation

Moisture, M
Oxygen, O
Storage Time, T
MO

MT

oT

MOT (Error)

Source of
Variation
Moisture, M
Oxygen, O
Storage Time, T
MO

MT

oT

MOT (Ervor)

TOTAL

TABLE VII1

ANALYSIS OF VARIANCE: CHICKEN FLAVOR

Degrees of Sum of Mezan
Freedom Squares Square
1 .00035 .00035
2 16.79034 8.39517
5 5.90744 1.18148
2 .19730 .09865
5 1.,72123 +34424
10 1.46672 .14667
10 6.46910 .64691
35 32.55248
TABLE 1IX

ANALYSIS OF VARIANCE: CHICKEN TEXTURE

Degrees of Sum of Mean
Freedom Squares Square
1 .06199 .06199
2 1.10553 .55276
5 91657 .18331
2 .18125 .09063
5 1.26745 :253«9
10 .38317 .03832
10 .73951 .07395
35 4.65547
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Calculated
F Ratio
.00

12.98 ™*

1.83

Calculated
F Ratio
.84
7.47
2.48
1.23
3.43
.52
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TABLE X

ANALYSIS OF VARIANCE: CHICKEN JUICINESS

Source of Degrees of Sum of Mean Calculated
Variation Freedom Squares Square F Ratio
Moisture, M 1 .01862 .01862 .48
Oxygen, 0 2 1.22820 61410 15.69 **
Storage Time, T 5 1.17000 .23400 5.98 il
MO 2 .03689 .01844 47
MT 5 80404 .16080 PR
or 10 .97122 .09712 2.48
MOT (Erior) 10 .39130 .03913
TOTAL 35 4.62027

TABLIE X1

ANALYSIS OF VARIANCE: WATER ABSORBED DURING RECONSTITUTION,
PERCENT DRY WEIGHT ADJUSTED FOR RESIDUAL MOISTURE CONTENT OF THE LOT

Source of Degrees of Sum of Mean Calculated
Variation Freedom Squaraes Jquare F Ratio
Moisture, M 1 07747 07747 2.37
Oxygen, 0 2 00474 .00237 .07
Storage Time, T 5 .35505 .07101 2.17

MO 2 15126 .07562 2.31

MT 5 .05851 .01170 .36

or 10 .16839 .01684 .51
MOT (Error) 10 32723 .03272

TOTAL 35 1.14263




TABLE XII

ANALYS1S OF VARIANCE: UNBOUND WATER,

PERCENT DRY WEIGHT ADJUSTED FOR RESIDUAL MOISTURE CONTENT OF THE LOT

Source of
Variation

Moisture, M

Oxygen, O

Storage Time,

MO
MT
ot

MOT (Error)

TOTAL

Residual
Moisture,
Percent

Degrees of Sum of

Freedom Squares

1 .01361

2 .00545

T 5 .08850

2 04567

5 03442

10 .06705

10 .05070

35 +30540
TABLE XIII

Mean
Square
.01361
.00273
.01770
.02284
.00688
.00671
.00507

CHICKEN ACCEPTABILITY, MEAN VALUE

Initial

Headspace

Oxygen,

Percent 1
2 5.725
4 5.600
20 5.250
2 4.875
4 5.250

20 4.050

5.375
3.150
4.125

5.200
5.850
3.800

Months of Storage

5.300
4.150
3.500

5.400
4.675
3.950

5.200
5.800
4.250

5.675
4.375
4.225

Calculated

F Ratio

2.68

.54
3.49 *
4.50 *

1.36

1.32

5 6
4,750 5.094%
4,675 4.375
3.350 2.812
5.050 4.950
4.425 3.925
2.925 3.150
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CHICKEN AROMA, MEAN VALUE

FOR THE STUDY
Initial Months of Storayge
Residual Headspace
Moisture, Oxygen,
Percent Percent 1 2 3 4 5 6
2 2 6.150 5.350 5.550 5.350 4.300 4,812
4 6.000 5.450 4.200 5.425 4.900 4.625
20 4.900 4 .400 3.900 4.650 3.600 3.812
4 2 5.500 5.700 5.350 5.700 4.650 4.450
4 5.500 6.000 4.700 4.300 4,850 4.400
20 4.900 4,600 3.900 3.925 2.950 3.600
TABLE XV
CHICKEN FIAVOR, MEAN VALUE
FOR THié STUDY
Initial Months of Storage
Residual Headspace
Moisture, Oxygen,
Percent Percent 1 2 3 [ ) 6
2 2 5.575 5.575 5.125 $.000 4.200 5.156
4 5.625 5.075 3.975 5.825 4.450 4.125
20 4.300 4.100 3.250 3.975 2.525 2,656
4 2 5.050 5.300 5.575 5.475 5.075 4.625
4 4.750 5.325 4 .800 4,400 4.700 3.900

20 3.900 3.625 3.800 4.375 3.100 2.850




Residual
Moisture,
Percent

Residual
Moisture,
Percent

CHICKaN TEXTURE, MEIN VALUE

Initial
Headspace
Oxygen,
Percent 1
2 5.650
4 5.800
20 5.850
2 %.375
4 5.250
20 «+.800
CHICKEN
Initial
Headspace
Oxygen,
Percent 1
F 4 5.625
4 6.100
20 5.600
2 5.200
4 5.550
20 4.900

TABLE XVI

FOR THE STUDY

TABLE XVI1

JUICINESS, MEAN VALUE

5.800
5.400

5.400

5.950
5.850

5.300

Page 70

Months of Storage

5.825
5.875

5.325

6.200
5.600
5.800

FOR THE STUDY

5.500

5.300
5.050

5.300
5.825
5.000

61050
6.000

5.750

5.400
5.475

4.950

6.575
5.850
5.350

Months of Storage

5.875
5.675
5.300

5.725
5.425
5.525

5.500
5.500
5.500

6.150
5.500
5.750

6.125
5.625
5.325

6.450
5.950
5.200

5.656
5.343
5.531

5.650
5.900
5.250

5.781
St '03

5.531

6.225
6.225
5.675
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I11. CARROTS

There is & dearth of information ralating characteristics of freeze-dehydrated
carrots to storage environment. The investigations conductec to date have dealt
largely with the effect of processing and packaging variables on stability of
conventionally dehyirated carrcts. While the type of dehydrative process is a
significant factor, certain gross characteristics may typify reacztions of the

product, regardless of method of dehydration.

The oxidation of carotenoid pigments in plant tissues during processing or
storage is one of the factors responsible for impairment of quality attributes.
The oxidation of beta carotene to beta ionone ciuses undesirable hay-like

flavors and odors and loss of color. (Barnell, et al, 1955).

according to Mackinney, «t al (1958), the necessity of excluding oxygen from
the storage atmosphere «f conventionally dehydrated carrots has besen re-
affirmed repeatedly. Investigation indicated that oxygen absorption must be
limited to 0.1 ml. oxygen per gram of product conventionally dried to the 5%
residual woisture level if off-flavors were to be avoided. However, oxygen
cons'mption is known to be a function of moisture content. While reactions
other than carotens oxidation compete for available oxygen supply in a sealed
container, progressive lowering of moisture content from 5 to 2% can result
in substantially more carotene oxidation at such an oxygen-product ratio

duriug storage.

A study of the effect of storage in nitrogen and air atmospheres on stability
of soup nixes containing freeze-dried vegetables indicated that the protection

afforded by nitrogen lessened during storage. It was suggested that undesirable
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off-flavors were eventually destroyed to some extent in air stored samples
while conceantration increased in nitrogen stored samplegs (Wuhrmann, et al,

1959).

Research conducted by British workers indicated that the reaction between amino
acids and organic acids does nct contribute appreciably to browning of conven-
tionally dehydrated carrots, However, this reaction did augment the initial
rate of browning and altered the course of browning reaction during later
stages since a decrease in water soluble brown pigment was noted. As the
result of this work, it was postuiated that the reducing sugar-amino acid
browning reaction 1is respcnsible for 95 rpercent of the browning in convention-
aliy dehydrated carrots. This browning appeared to involve all amino acids

to the same extent, resulting in a general reduction in quantity of identified

compounds (Baraell, et al, 1955).

The effect of residual moisture corntent and storage atmosphere on browning
reaction in conventionally dehydrated carrots was investigated ¢y Legault,

et al (1951). Nonensymic browning resction was the principal deteriorative
process at elevated storage temr=ratures. Drying the product to low residual
woisture content afforded substantial protection against browning reaction.
At a storage temperature of 100°?, tha rate of browning reaction decreased

by 1.6 fold with reduction in residual moisture content from 6.5 to 4.0%.
Storage stmosphere, whather nitrogen or air, was reported to have l.ttle

effect on the rate of browning.
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PES".TS AND DISCUSSION

Oxygen Absorption

The absorpzion of headspace oxygen by precooked, freeze-dehydrated carrots

is shown ‘n Table I. In general, the rate uf absorption is high initially
and decreases with storage time. However, there is a terminal increase in
raze of oxygen absorptfon by the 4% residuval moisture samples stored under

4 and 202 oxygen atmosrheres. The amount of oxygen absorbed is dependent

on the residual moisture content. Paired comparison of oxygen absorption
under the various atmospheres revealed that samples dried tp the lower residual
moist.re level absorh significantly greater amounts of oxygen than samples
dried to the h:gher residuval mo. sture level. Significanc; level varied with
the in‘tial headspace oxygen content. The difference in amount of’oxyg;n -
atsorbed was sigrificant at the .001 level of probability for the aauple;
stored under 2 and 20% oxygen atmospheres and at the .01 level of probability

for samples stored under 4% oxygen atmosphere.

Carbon Dioxide Production

The reactions occurring in samples dried to the 4% residual moisture levei
produced a substantially greater amount of carbon dioxide than those in the
lower moisture content samples. Carbon dioxide was datected in esch headspace
at sosphere sample withdrawn from the 4% residual moisture samples. In contras'
carbon dioxide was present only in the 20% oxygen headspace atmospheres of 2%

residual moisture samples. Carbon dioxide production is shown in Table 1I.

Rehydration Characteristics

Tables IZY and IV show the relative rehydration and unbound water content in
the test samples. While use of the press technique for measurement of easily

expressed or unbound water has teen repocted repeatedly for meat products,

Bl e T T T L U U
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this technique does not appear to have been applied to vegetable products.
Applicability of this method of measurement or modilications thereot is un-
certain. The inherent variance among individual speciuens described in
previous se.-iops of this reporr applies equally well to this product and to

validity of these physical measarements.

Quality Attributes

Figures 1 through 6 show the trerds in changes in quality attributes during
storage. Sensory judgments of aroma, flavor, and color tend to parallel that
of ac.entabilizy. The 2% vesiduwui moistire samples appeared ic be relatively
more stable in these characterietics during storage. A deteriorative reaction

was much more apparent in at:ributes of the 4% residual moisture samples.

Sta%:stical Analyses

Table V summa~izes the statistical analyses of sensory judgments and re-
hydration measurements. Analyses of variance of the sensory characteristics
are shown in Table VI through XI and :those of physical measurements of re-
hydratioi. characteristics in Tables XII and XIII. The mean values of panel-

ists' scores for the sensory qualities are presented in Tables XIV through XIX.

Storage atmosphere was the most significant factor in deterioration of quality
attributes of precooked, freeze-dehydrated carrots. The oxidative effect
increased with content of oxygen in the headspace of the storage container.
Regardless of moisture concent, carrots stored in 20% oxygen atmospheres
exhibited marked loss of carotene and development of undesirable flavor and
aroma & the first evaluation of the test sampies. Among the stored samples,
the ox’.dative deterioration ircident to storsge under & 2% oxygen headspace

atmoaphere was not significant. Oxygen labile compounds such as carotens are

it 4 AEPW e Eh e mec e s o e s ® o ngmm e < - . c—————
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relatively stable 1f contact with molecular oxygen is limited during packag-
ing operations and oxygen content of the storage vessel is severely restrict-
ed. However, deteriorative reactions do occur and, for procurement purposes,
it appears desirable to document the relative effect of exposure to atmos-
pheric oxygen during packaging operations and of storage under very low

oxygen partial pressures on stability at elevated temperatures.

The fact that storage time was less important to quality attributes during
storage was cc-sidered significant and was attributable to the rate of
adsorption of headsp ce oxygen and consequent deterioration during the

inirial storsege period. .l wmagnitude of these changes overshadowed the
slight but progressive degradation during the remainder of the storage period.
A no time during this investigation were the aroma and flavor of samples
stcred in 20% oxygen atmospheres judged superior to those of samples stored

inder lowex oxygen .oncenirations.

Porsiure did not appesr to be an important factor in storage stabilicy.
Failure to implicate residual moisture content was evidence of the distinct-
ive reactions characteristic of the two moisture levels. There is every
indication that the characteristics ascribed to oxidation and browning
veactton at the higher residual moisture leve. are just as objectionable
over the storage period as those ascribed to pronounced oxidation at the

lover residual moisture level.

Residual moisture content exerted a slight effect on retention of color.
While zhe effect was not great enough to be considered significant at the
p-obatility levels used, better color retention by the 4% mofsture samples

stored under the lowest oxygen pressure may be of practical significance.
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Residual moisture content did moderate the deteriorative reactions. Some
oxidative reactions are facilitated by drying to low residual moisture levels.
Conversely, browning reaction was observed only in those samples dried to

the higher residual moisture level. In terms of visual color change con-
current with loss of culor through oxidation of carotene, browning reaction
was not severe. Accordingly, the effect of moisture on flavor varied with
storage time and prcgress of the specific deteriorative reaction. The effect
of interaction of moisture and time variables was also noted in analysis of
acceptability ratings; however, the effect was not significant at the levels

selected for these analyses,

The relationship between storage atmosphere and progress of browning reaction

could not be determined in the atsence of chemical analyses.

The structural qualities were also impaired during storage. These changes
vere not as serious as those associated with storage of protein foods under

adverse conditions.

Oxygen affected water holding capacity. Samples stored under the lowest
oxygen concentration expressed water more easily under pressure than did
those itored under 4 and 20% oxygen atmospheres. In general, objective
measutements supported subjective judgments. However, the effect of storage
under 207 r rygen atmosphere was confounded by the development of an oily

characteristic. This characteristic was not measured objectively.

The effect of moisture on degree of reconatitution differs with initial
headspace atmosphere. Under the lowest oxygen concentration, the 4% residual
moisture samples absorbed a« greater amount of water. Under higner ovygen

concentrations, this effect was reversed. Analysis suggests th«. this
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moisture was easily expressed under presaure. Water holding capacity appeared
to be similar for samples stored under 2% oxygen atmosphere. In contrast,
vander higher oxygen concentrations, samples processed to the 4% residual

moisture level exhibited greater water holding capacity.

The ability to inmobilize water varied considerably over the storage period.
Average sensory ratings of juiciness and texture showed an inverse relationship
to the amount of water expressed under pressure. Relative agreement between
subjective and objective measurements of water holding capacity is indicative
of the merit of applying this technique to well-structured vegetable: such as
carrots. More data are required to verify the agreement and to determine

benefit of modification of technique.

Terminal Characteristics

Table XX describes product characteristics at the termination of storage.
Characteristics of freeze-dried carxots appear to be similar to those reported
for conventionally dehydrated carrots. Visibly discernible browning occurred
only in samples processed to the higher residual moisture content. These
products were cLharacterized by acidic odors and somewhat sweet flavors.

These changes indicated hydrolysis of some fractions of the product. Relative
increase in swestness might be attributable to conversion of starch or poly-
saccharides during atorage. The otly character of the 4% residual moisture
sample stored under 20% oxygen atmosphere indicated the possibility of
hydrolysis of the fatty acid esters to fatty acids and glycerol. No rancid
note was detected., Jowever, glycerol is relatively stable to oxidation. A
sweet taste is also typical of this compound. Mevalonic acid is among the
breakdown products of beta carotene (Braverman, 1963). This compound i

also an oily liquid (The Merck Index, 1960). However, sufficient quantity
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to account for this reaction is improbable. Lack of an oily characteristic
in samples processed co the 2% residual moisture level and stored in 20%
oxygen atmosphere which exhibited pronounced carotene oxidation also indicated

that this compound did not account for the oily characteristic.

No browning could be detected in samples dried to the lower residual moisture
level. As indicated, these samples exhibited yellow to orange colors and hay-

like odors and flavors on oxidation.

Magnitude of these changes in quality attributes was dependent on headspace
oxygen concentration. Carotene loss in products stored under a 2% oxygen

atmosphere appeared slight.

The variation in reaction characteristics indicates that product dried to
the higher moisture level and stored with little or no exposure to atmospheric
oxygen should not be reconstituted as specified, i.e., with the addition of

sucrose to the rehydration medium.

RECOMMENDATIONS

The product can tolerate limited exposure to atmospheric oxygen and storage
under 7% oxygen atmospherz without evidencing extreme deterioration. Despite
the differences in reactions at the two residual moisture levels, there did
not appear to be any difference between the moisture levels in stability of
product., Consequently, it would be of interest to determine whether a
moisture content midway between those investigated would prove more satis-

factory from the standpoint of storage stability.

e s S e e W L 5 e BT W e - ——
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TABLE 1
AJSORPTION OF HEADSPACE OXYGEN, ML. PER GRAM
Initial Months of Storage

Residual Headspace
Moigture, Oxygen,

Percent Percent 1 2 3 4 5
2 2 0.25 0.46 0.46 0.46 0.46
4 0.59 0.51 0.89 0.89 0.89
20 2.54 3.00 3.03 3.23 3.21
4 2 0.08 0.00 0.10 0.18 0.21
4 0.24 0.31 0.34 0.18 0.63
20 1.00 1.73 1.89 1.92 2.02
Control 0 0 0 0 0 0
TABLE 11

CARBON DIOXIDE IN HEADSPACE OF STORAGE CONTAINER, ML. PER GRAM

Initial Months of Storage
Residual Headspace
Moisture, Oxygen,

Percent Percent 1 2 3 4 5
2 2 0 ] 0 0
4 0 0 0 0 0

20 0.38 0.33 0.38 0.51 0.64

4 2 0.08 0.08 0.21 0.29 0.34

4 0.16 0.08 0.08 0.21 0.26

20 0.29 0.50 0.58 0.66 0.89

Contrel 0 0 0 0 0 0

0.46
0.89

2.93

0.21
0.52

2.23

0.48

0024
0.13

0.87
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Fage ui1

WATER ABSORBED DURING RECONSTITUTION,

PERCENT DRY WEIGHT .\"JUSTED FOR RESIDUAL MOISTURE CONTENT OF THE LOT

Initial
Residual Headspace
Moisture, Oxygen,

Percent Percent 1l
2 2 729
4 768
20 154
4 2 178
4 711
20 762

744
742
147

743
750
672

TABLE IV

UNBOUND WATER,

Months of Storage

3 4 5 6
115 800 721 704
768 798 732 775
725 781 766 706
173 835 812 789
791 726 775 750
689 174 748 771

PERCENT DRY WEIGHT ADJUSTED FOR RESIDUAL MOISTURE CONTENT OF THE LOT

Initial
Residual Headspace

Moisture, Oxygen,

Percent Pexcent 1
2 2 547
4 556
20 561
4 2 609
4 468

20 465

. Months of Storage

3 4 5 6
301 603 495 44l
323 562 375 499
496 538 429 403
525 (1) 475 623
bbb 421 410 412
383 564 496 498

- — i =



CARROT ACCEPTABILITY
A. 2% Moisture Samples
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CARROT AROMA
A, 2% Moisture Samples
Initial Storage Atmosphere, % Oxygen: 2 .
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CARROT FLAVOR

A. 2 Motisture Samples
Initial Storage Ac-oupborn. % Oxygen: 2.
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CARROT TEXTURE

A. 2% Moisture Samples
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CARROT JUICINLSS
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Figure 6 Page 87
CARROT COLOR
A. 2% Moisture Samples
Initial Storage Atmcsphere, % Oxygen: 2 .
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TABLE VI

ANALYSIS OF VARIANCE: CARROT ACCEPTABILITY

Source of
Variation
Moisture, M
Oxygen, O
Storage Time, T
MO

MT

or

MOT (Error)

Total

Sourcs of
Variation
Moisture, M
Oxygen, O
Storage Time, T
MO

MT

oT

MOT (Error)

Total

Degrees of Sum of
Freedom Squares
1 .07562

2 23.48441

5 1.39951

2 43332

5 1.11292

10 .53018

10 .76676

35 27.80472

TABLE VII

Mean
Square
.07562
11.74220
.27990
-21766
.22258
.05362

.07668

ANALYSIS OF VARIANCE: CARROT AROMA

Degrees of
Freedom

10
10

35

Sum of

Squares

.08417
21.38764
4.42472
26791
1. 54000
1.15736

1.57542

30.41722

Mean
Square
.08417
10.69382
.88494
.12356
.30800
11574
.15754
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Calculated
F Ratio
.99
153.14
3.65
2.84
2.90

.69

Calculgted
F Ratio
053

ke
67.88

*
5.62



Source of
Variation

Moisture, M

Oxygen, O

Storage Time, T

M0
Mt
or

M0T (Error)

Total

Source of
Variation

Moisture, M

Oxygen, O

Storage Time, T

LY
L vy
0

MOT (Error)

Tital

TABLE VII1

ANALYSIS OF VARIANCE: CARROT FLAVOR

Degrees of Sum of Mean
Freedom Squares Square
1 .00140 .00140
2 22.61316 11.30658
5 .81633 .16326
2 .09636 .04818
5 2.27496 .45499$
10 1.16705 11671
10 1.19135 .11914
35 28.16061
TABLE IX

ANALYSIS OF VARIANCE: CARROT TEXTURE

Degrees of Sum of Mean
Freedom Squares Square
1 41174 41174
2 1.04524 .52262
5 1.97785 .39557
2 .13920 .06960
5 3.01951 .60370
10 .85226 .08523

10 .80330 .08033

35 8.24910
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Calculated
F Ratio
.01

94.90

Calculated
F Ratio
. *
5.13
6.51 "
*
4.92
.87
*k

7.52

1.06

B s e L
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Source of
Variation
Moisture, M
Oxygen, O
Storage Time, T
MO

MT

oT

MOT (Error)

Total

Source of
Variation
Hoisture, M
Oxygen, O
Storage Time, T
MO

MT

or

MOT (Error)

Total

P
TABLE X age 91

ANALYSIS OF VARIANCE: CARROT JUICINESS

Degrees of Sum of Mean Calculated
Fre :dcam Squares Square F  Ratio
1 .04694 .04694 3.56
doke
2 41542 .20771 15.77
%%
5 1.57167 31433 23.87
2 .61500 .30750 23.35 o
5 48639 .09727 7.39 *
*
10 .52541 .05254 3.99
10 - .13417 .01317
35 3.79500
154
TABLE XI

ANALYSIS OF VARIANCE: CARROT COLOR

Degrees of Sum of " Mean Calculated
Freedom Squares Square F Ratio
1 93444 .93444 4.19
2 74.00421 37.00210 165.82 **
5 .54139 .10827 .49
2 .91086 45543 2.04
5 1.96139 .39227 1.76
10 .40975 .04098 .18

10 2.23143 .22314

35 80.99347

i
|
|
|
!
f
-4
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TABLE XII Page 92
ANALYSIS OF VARIANCE: WATER ABSORBED DURING RECONSTITUTION,

PERCENT DRY WEIGHT ADJUSTED FOR RESIDUAL MOISTURE CONTENT OF THE LOT

Source of Degrees of Sum of Mean Calculated
Variation Freedom Squares Square F Ratio
Moisture, M ) § .08410 .08410 1.04
Oxygen, O 2 .28121 .14061 1,73
Storage Time, T 5 .96839 .19368 2.39
MO 2 .83971 .41986 5.7 "
MI 5 54367 10873 1.34
oT 10 .85389 .08539 1.05
MOT (Error) 10 .81152 .08115
Total 35 43.38249

TABLE XIIlI

ANALYSIS OF VARIANCE: UNBOUND WATER,

PERCENT DRY WEIGHT ADJUSTED FOR RESIDUAL MOISTURE CONTENT OF THE LOT

Source of Degrees of Sum of Mean Calculated
Variation Freedom Squares Square F Ratio
Moisture, M 1 .25671 . 25671 .71
Oxygen, 0 2 4.0489% 2.02447 5.5 ¥
Storage Time, T 5 4.97835 .99567 2.74
MO 2 2.39474 1.19737 3.30
MT 5 2.02516 .40503 1.12
or 10 1.63823 .16382 .45
MOT (Error) 10 3.63169 .36317

Total 35 18.97382




Residual
Moisture,
Percent

Residual
Moisture,
Percent

CARROT ACCEPTABILITY, MEAN VALUE

Initial
Headspace

Oxygen,

Percent

20

Initial
Headspace
Oxygen,

Percent

20

TABLE XIV

FOR THE STUDY

4.775
4.225

2.925

4.475
4.375

2.300

4.650
3.100

2.500

4.875
4.450

2.675

TABLE XV

Months of Storage

4.625
4.100

2.850

4.625
3.750

2.525

CARROT AROMA, MEAN VALUE

5.300
4.800
3.250

4.800
4.500
2.500

FOR THE STUDY

4.550
2.700
2.000

4.450
4.000
2.300

Months of Storage

4.250
3.650
2.700

4.850
3.500
2.650

4.325
3.825

3.075

4.775
4.125

2.675

4.200
4.200
3.050

5.100
4.000
2.850

Page 93

5 6
4,425 4.925
3.650 3.950
2.425 2.675
3.575 4,275
3.700 3.725
1.725 2.750

5 6
3.700 5.200
2,800 3.750
2.150 3.300
4,150 4.000
3.900 3.800
2,25C 3.050




Residual
Moisture,
Percent

Residual
Moisture,
Percent

Inicial
Headspace

Oxygen,

Percent

20

Inicial
Headspace
Oxygen,

Percent

20

CARROT FLAVOR, MEAN VALUE

3.950

4.300

2.650

4.650
4.500

2.450

CARROT TEXTURE, MEAN VALUE

TABLE XVI

FOR THE STUDY

4.600

2.900

4.850
4.650

2.800

TABLE XVI1I1

Months of Ctorage

4.325
4.100

2.550

4.550

3.400

FOR THE STUDY

5.850
5.600

5.500

5.000
5.200

4.350

5.500
5.400

4.900

6.150
6.300

5.800

Months of Storage

5.750
5.850

5.250

6.050
5.650

5.600

4.400
3.850

2,700

4.100
3.950

2.650

5.800
5.300

5.350

5.350
5.050

4.650

Page 94

4.900
3.750

2.500

3.600
3.200

1.900

5.300
6.250

5.500

4.650
5.100

4.750

4.750
3.650

2.800

4.600
3.650

2.950

4.950
5.100

5.350

5.600
4.900

4,500



Regidual
Moisture,
Percent

Residual
Moiature,
Fercent

| 3

TABLL XV,.Il

CARROT JUICINESS, MEAN VALLE

FOR THE STUDY

Inicial
Headspace
Oxygen,
Percent 1
2 5.500
4 5.500
20 5.500
p2 5.3%0
4 5.500
20 4 650
CAREL
Initial
Headspace
Oxygen,
Fercent 1
2 5.700
4 4.400
20 2.100
2 5.400
4 5.700

20 2.700

5.750
5.45%0

5.550

6.100
5.900

5.850

ThBLE YTYX

(VA )

5.800

6.150

5.900

5.950

5.650

5.600

COLOR. MEAN VALUE

FOR TH: ST.DY

5.5350
3.400
1.750

5.900
5.750

2.550

Months of Storage

5.600
4.600

1.900

Monthe of Storage

[«i)
o

J
C

v

. 500

w

5500
5.550

5.300

4 900
W 550

1.830

5.400
4.650

2.250

5.350
5.750

5.300

6¢.000
5.250

(s

4,600

2.400

5.800
4.600

1.5C0

5.650
6.200

6.200

6.100
5.800

5.600

5.300
4.150

2.500

5.600
5.300

1.900
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IV. SPINACH
There does nct appear ¢o be any published study relating szozage env:ronment

of freeze-dehydrated spirach to stability

RESVLIS

Oxyger Absorz-ion

Table I shows the absorption 2f headspace oxygen tv precooked, freeze-dehydrated
spinach durirg storage. Va-:ations in the amount of oxygen absorbed by spinach
driea to the “wo xesidual moisture levels and stored under the various atmss-
phees were tested -taristicdily. O:.fferences in the amounts of oxygen absorb-
ed at the %wo tesid:dl smcisture .evels were not signiftcant. The rate of
oxygen absorprion arreared o be juite irregula:. Under lower oxygen concentra-
tions, rate cof absorprior decreaved with stozage time. Samples stored in 207%
oxygen atmospheres exhitited a decresse in rate of absorption as storage
progressed foliowed by an incresised rate of absorption after the fourth month

of storage.

Carbon Dioxide Production

Carbon dioxide production during storage of spinaclh is shown in Takle I7.

In genezal. carbon dicvide produc®ion was a rerminal -enction. However, onset
of productiou appeared to be related to storage atwoipliere and to residual
moisture level. "arton dionxide was detected in each of the various headspacr
atmospheres of t .. 4% residusi moisture samples. In -ontrast, only the
sanples of product dried to the 2% residual moisture level and stored under

20% oxygen atmospheres evidenced terminal carbon dirxide productioun.

Rehydration Characteristics

Measurements of the exten” of reusnstitution and amount of water expressed

under pressure arc shown in 7ebles TIT and IV. The use of press technique as

Sy - e . —— - v
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a measure of water holding capacity of leafy vegetables his not been reported.
The validity and reliability of apply’ng this technique as an adequate measure
of deteriorative changes are questionable. Further, the use of extent of
reuydration as a measure of the quality of relatively _aall pieces of spinach
i3 -loubtful: the pcssibility of entrapment of free water between the pieces
resulting in incomplete drainage™must certainly be considered. This measure

may be more reliable in evaluating foods of more discreet particle size.

Caalicy Attributes

Figuree > through 6 show the changes in quality attributes through the storage
pe-is 4. “enerally, the samplea processed to the 4% residual moisture level
sh wed more extensive deterioration in acceptability, aroma, flavor, texture,
d j-icine«e during the initial storage period and during the storage study.
cwever, toe 4% residual moisture ssmple stored in 20% oxygen atmospheres
det.. orated wost rapidly during the first month of storage and did not
follow this trend in rate of degradation during storage. Again, changes in
arma anu flavor peralleled those in acceptability. While changes in texture
and juicinees were evident and of a more serious nature than those occurring
in car'ots, thuse changes wers not as serious as those in structural proper-

ties of yrotein foods.

Stetagticel Anglyess
The statistical analyses of sensory judgments and rehydration m:asuremsnts

are summarigzed in Teble V. Tables VI through XI show the analyeis of variance
«f sunso?ty charscteristics Analyses of variance of rehydration measurements
ire shown in Tables XII sad XCII. Tables XIV through XIX show the mean

racings of smnsory characteristices during the study.
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As indicated in Table V, sensory qualities of precooked, freeze-dehydrated
spinach were general’y affected by each of the variables under study.
Detex:orative changes were implimented by increases iun residual moisrure
content of the prodict, oxygen concentration of the headspace of the storage

container, and length of storage &z elevated temperat.re.

Moisturc level appeared to reg.late the rate ard type of reaction. The %7
residual moistu~e samples showec v.:-h wove ewxtensive changes in all quality
artribures except color ar rhe ini*ial evaluartion. Similariy, the terminal
effect of wmoisture on accep:at1iity arcma flavor, and texture may be atcri-

b.%ed to onset of react.ons responiible for carbon diosxide production.

Color changes during storage were an obvious exception to this generail
pattern of degradarion aithough there was an oxidative effect., According to
Rraverman's review of chlovophyll (1963), the disappearance of chlorophyll
is assocciated with oxidat:on. Ibis reaction did not appear to be opsrative
in this experiment. However, such reactions are exceeding:y complex and
require chemical cdocumentation. “here are s veral factors which should be
considered:

(1) Protochlorophyll may act as s hydrogen acceptor and undergo trans-
formation to alpha chlorophyll. Each chlorophyll compound is known
to be characterized by its own absorption spectrum (Biochemist3'
Handbook) .

(2) A coloxrless phase is common to all chlorophyll containing plants.
Apparently, a certain amount of iron is necessary in order to
transform the colorless phase to green chlorophyll (Braverman,
1963) .

(3) TIhe enzyme, chlorophyllase. may not be inactivated during the

e e  r—————
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Page 100

cooking oparation and may continue to couvert chlorophyll into
chlorcphyllin. This phenomenon appears to be seasonal. Chloro-
phyllase is prsctically inactive in the summer. However, in the
spring, the enzyme will continue to convert chlorophyll to
chlorophyllin although the vegetable is subjected to a temperature
of spproximately 170°F for a 20 minute period (Braverman, 1963).
According to Acker (1962), there have been few systematic investi-
gations relating enzyme activity and residual moisture content.
There are indications that it may not be possible to establish a
limiting relative humidity for certain enzymic reactions. The
limiting effect of moisture reflects ability to facilitate diffu-
sion of the enzyme and substrate. Iu the case of a fully precoocked
product, cell walls offer less resistance to contact of enzyme and
substrate. Accordingly, the possibility of some entymic activity
exists. This activity might be associated with rehydration. The
extTeme viability of enzymes and bacteria in the dehydraied state
Lss been noted in studies of gas production by certain rehydrated
foods during tests conducted by Whirlpool Corporation, (Wheston,
et al, 1963). lowever, typical intensification of color on re-
hydration covld also account for this.

Green coloring matter was apparent in ths rehydration water.
Chlorophyllase detaches the phytol moiety from chlorophyll, causing
dissolution of green coloring pigment in water. The removal of
phytol by hydrolys.s also y‘elds water soluble methyl chloro-
phyllide (Braverman, 1963).

The destruction of other, more labile pigments such as the
carotenoids may account for the seuming improvemeat in color of

spinach thzough storage.
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(6) The accion of even a very vweak acid results in removal of magnesium
from the :hlorophyll molecule resulting in formation of pheopbytin.
In situ, chlorophyll is bound to lipoproteins in a msnner which
protects it frowm ac.d. FEeating coagilites the proteins ard exposes
chlozophyll to the adverse action of acids. Fac-ors of cooking
and dehydration being eyual, some ac:d forma*tion is a possible

factor in samples packaged under 20% oxygen atmosphere.

Physical measurements showed that che 4% residual =oisture samples absorbed
2 significantly greater amount of watexr during reconstitution., This water
was not immobilized and was easily expressed under presgsure. Subjectively,

this moisture created the impression of excessive sogginess and limpness.

The immobilization of water by tissue over the storage period was somewhat
at variance with subjective judgments of structural characteristics although
there was a similarity in trend among the varicus subjective and objective
neasures of structural properties. This varience indicates that use of this
particular method of objective measurement as a precise tool in evaluating
structural qualities of this type of vegetable is doubtful. However, the
similarity in trend suggests that refinemsut in technique of sample prepara-
tion, redesign of press equipment, or change in method could improve the

accuracy of measurement.

3oth the subjective judgments and bound water measurements indicated that
the effect of residual moisture content on immobilization of water by the

product varied considerab.y over the storage period.

fable XX details pgroduct characteristics at the termination of storage.
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RECOMMENDATIONS
Adequate storage life for this commodity is dependent on dehydration to
the 2% residual moisture level and virtual exclusion of atmospheric oxygen

during packaging and storage.




Residual
isture,
Percent

Control

TABLE I Page 103

ABSORPTION OF HEADSPACE OXYGEN, ML. PER GRAM

Initial Months of Storage
Storage
Atmosphere,
Percent 02 1 2 3 4 5 6
2 0.30 0.30 0.54 0.64 0.64 0.64
4 0.51 0.61 0.81 0.81 0.91 0.95
20 -- 1.02 1.66 1.52 3.56 2.81
2 0.00 0.28 0.49 0.63 0.46 0.56
& 0.42 ©0.67 0.84 0.95 0.88 0.98
20 0.91 1.44 1.72 1.86 2.10 2.88
0 0 0 0 0 0 0
TABLE 11

CARBON DIOXIDE IN HEADSPACE OF STORAGE CONTAINER, ML. PER GRAM

Residual
Mois*ture,
Percent

Control

Initial Months of Storage

Storage

Atmosphere,

Percent 02 1 2 3 4 5 6
2 0 0 0 0 0 0
L 0 0 0 0 0 0
20 0 0 0 0 0.27 0.!
2 0 0 0.11 0 0 0.84
4 0 0 0 0 0.28 0.14
20 0 0 0.28 0.14 0.70 0.32
0 0 0 0 0 0 0
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WATER ABSORBED DURING RECONSTITUTION,
PERCENT DRY WEIGHT ADJUSTED FOR RESIDUAL MOISTURE CONTENT OF THE LOT

Initial Months of Storage
Residual Headspace
Moisture, Oxygen,
Percent Percent 1 2 3 4 5 6
2 2 1320 1118 1049 1141 1021 1110
4 1202 1167 1095 1088 1071 1157
20 1090 1035 966 i119 1033 1112
4 2 1168 1263 1219 1186 1262 1065
4 1191 1233 1236 1372 1184 1359
20 1047 1562 1180 1266 1200 1194
TABLE IV
UNBOUND WATER,

PERCENT DRY WEIGHT ADJUSTED FOR RESIDUAL MOISTUKE CONTENT OF THE LOT

Initial Months of Storage
Residual Headspace
Moistuce, Oxygen,

Percent Percent 1 2 3 4 5 6
2 2 1128 905 837 942 845 904
4 950 899 874 893 885 940
20 886 804 754 917 830 919
4 2 943 1032 1020 982 1051 943
4 1005 1010 1045 1131 974 1166

20 850 1336 930 992 1021 976

= —— ——— e e e a - e e -
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e R

"\ Figure 2
SPINACH AROMA
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SPINACH FLAVOR
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SPINACH TEXTURE
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SPINACH JUICINESS
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SPINACH COLOR

A. 2% Moisture Samples
Initial Storage Atmsphere, % Oxygen: 2
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TABLE VI

ANALYSIS OF VA‘IANCB: SPINACH ACCEPTABILITY

Source of
Vexiation
Moisture, M
Oxygen, O
Storage Time, T
MO

MT

or

MOT (Error)

Total

Source of
Variation

Moisture, M
Oxygen, O
Storage Time, T
M0

MT

or

MOT (Error)

Total

Deg=ees of Sum of
Freedom Squares
1 3.42250

2 22.99233

5 11.55826

2 .08072

5 4.43584

10 1.35434

10 1.84909

35 45.69368

TABLE VI1

Mean
Square
3.42250
11.49616
2.31165
.04036
.88717
.13543
.18497

ANALYSIS OF VARIANCE: SPINACH AROMA

Degrees of
Freedom

w

10
10

35

Sum of
Squares
1.44000
28.81931
10.76389

07125
5.32500
3.07069
1.94875

51.43889

Mean
Square
1.44000
14.40966
2.15277
.03562
1.06500
.30707
.19488
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Calculate
F Ratio

18.50

62.15 *

12.50 *
.22
4.80 "

.73

Calculate
F Ratio

11.04

.18

]
=

7.39

]

73.94

5.46

1.58

e e ———— e ————— oo
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ANALYSIS OF VARIANCE: SPINACH FLAVOR

Source of Degrees of Sum of Mean Calculated
Variation Freedom Squares Square F Ratio
*
Moisture, M 1 1.64695 1.64695 9.18
2]
Oxygen, O 2 23.4L764 11.72382 65.32
Storage Time, T 5 11.77889 2.35577 13,12 *
Mo 2 .30430 .15215 .85
MT 5 5.92389 1.18477 6.60 *
oT 10 2.06653 . 20665 1.15
MOT (Error) 10 1,79486 .17949
Total 35 46.96306
TABLE IX

ANALYSIS OF VARIANCE: SPINACH TEXTURE

Source of Degrees of Sum of Mean Calculated
Variation Freedom Squares Square F Ratio
Mofsture, M 1 3.39176  3.3917 58.58 "
Oxygen, O 2 2.63181  1.31590 22,73 ™
Storage Time, T s 2.08701 41740 7.0 %
4O 2 .05180 .02590 45
T 5 1.34368 .26873 4.66 "
ot 10 1.03736 .10374 1.79
__MOT (Error) 10 .57903 .05790

Total 35 11.32242




Source of
Variation

Moisture, M

Oxygen, O

Storage Time, T

MO
MT
or

MOT (Brror)

Total

Source of
Variation

Moisture, M

Oxygen, 0

Storage Time, T

MO
MT
orT

MOT (Error)

Total

TABLE X

ANALYSIS OF VARIANCE:

SPINACH JUICINESS

3.36639

Degrees of Sum of Msan
Freedom Squares Square
1 1.4802¢ 1.48028
2 1.21722 .€0861
5 2,29556 45911
2 .10722 .05361
5 47472 .09494
10 «65611 06561
10 .88278 .08828
35 7.11389
TABLE XI
ANALYSIS OF VARIANCE: SPINACH COLOR
Degrees of Sum of Mean
Freedom Squares Square
1 .00250 .00250
Z .31681 .15841
5 1,57639 31527
2 .03791 .01896
5 .91083 .18217
10 .1.8819 .01882
10 33376 .03338
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Calculated
F Ratio

16.717 **

6.89 *
5.20 *
.61

1.08

.M

Calculated
F Ratio

e e CWee e PTYS . g



TABIE XIX
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ANALYSIS OF VARIANCE: WATER ABSORBED DURING RECONSTITUTION,

PERCENT DRY WEIGHT ADJUSTED FOR RESIDUAL MOISTURE CONTENT OF THE LOfT

Source of Degrees of Sum ot

Variation Freedom Squares
Moisture, M l 14.605172
Oxygen, O 2 1,640282
Storage Time, T 5 4.81955
MO 2 1.99551
MT 5 9.0255%9
orT 10 7.67476
MOT {Error) 12 8.14092
Total 35 47.66427

TABLE XIII

Mean
Square
~4.60%513

.701%1
.96391
.9977%
1.80512
76748

.81409

ANALYSIS COF VARIANCE: UNBOUND WATER,

PERCENT DRY WEIGHT ADJUSTED FOR RESIDJAL MOISTURE CONTENT

Source of Degrees of Sum of

Variation Freedom Squares
Moisture, M 1 16.37673
Oxygen, 0 2 1.20605
Storsge Tims, T S 2.93525
MO 2 1.54681
MT 5 8.07002
oT 10 7.08542
MOT (Error) 10 6.15839

TOTAL 35

42..37867

Mean
Square
14.37673

.60303
.58705
77341
1.61400
.70854

.81584

Calculated
F Ratio
17.9%
.86
1.18
1.23

el

OF THE LOT

Calculated
F Ratio
17.62 ™
74
72
.95
1.98



Residual
Moisture,
Percent

Residual
Moisture.
Percent

TABIE XIV

SPINACH ACCEPTABILITY, MEAN VALUX

Initial
lleadspace
Oxygen,

Percent

20

Initial
Headspace
Oxygen,

Percent

20

6.275
6.525

3.9%0

4.925
3.975

2.525

SPINACH AROMA, MEAN VALUE

6.530
6.750
3.450

5.530
4.600
2.600

FOR THE STUDY

4.675
3.550

2.925

5.050
3.975

2.525

TABLE XV

Page 116

Months of Storage

4.800
3.125

2.275

3.825
3.250

2.500

FOR THE STUDY

4.700
3.450
2.850

5.320
4.150

2.550

4.725
3.775

3.200

5.100
3.925

2.700

4.950
4.1C0

2.750

2.960
3.000

1.950

Months of Storage

4.300
2.750
2.200

4.600
4.050

2.550

5.050
3.700
3.350

5.200
3.900
3.050

s.soo
4.400
2.650

3.600
3.450

2.100

4.075
3.550

2.050

3.3%5
2.675

2.000

4.600
4.000
2.550

3.250
2.800
2.250
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TABLE XV

SPINACH FLAVCR, MEAN VALUE

FOR THE STUDY
Initial Months of Storage
Residual Headspace
Moisture, Oxygen,
Peicent Percent 1 Z 3 4 5 6
2 z 6.100 4.250 4.400 4.65C 4.450 4,150
4 6.800 3.400 2,750 3.700 4.500 3.550
20 3,550 2,65C 2.150 2.850 2.450 2.050
A 2 4.809 4.850 4,005 5.400 3,150 3.300
4 3.900 3.950 3.300 4,200 2.950 2,450
20 2,550 2,600 2.350 3.000 2.000 1.950
TABLE XVII
SPINACH TEXTUFE, MEAN VALUE
FOR THE STUDY
Initial Months of Storage
Kesidual Headspace
Moiature, Oxygen,
Percent Percent 1 2 3 4 5 6
2 2 5.800 3.300 5.600 5.300 5.550 5.800
4 6.200 $.200 4.900 5.200 5.550 5.550
20 5.600 5.150 5.000 4.400 4.700 5.150
4 2 5.500 5.300 4.300 5.700 5.000 4.500
4 $.100 4.650 4.250 $.200 4.900 4 .60C

20 4.900 4.300 4.350 4.450 3.700 4.200

SN 4 e me 8 ey - s e~ =



TABLE XVII1
SPINACH JUICINESS, MEAN VALWE

FOR THE STUDY
Initial Months of Storage
Residual Headspace
Moisture, Oxygen,
Jercent Percent 1 2 3 4 5 6
2 2 6.100 5.700 6.150 5.700 5.700 6.000

6.100 5.200 5.650 5.500 5.000 6.000

Fes

20 5.900 5.700 5.250 5.200 4.950 5.45"
4 2 6.050 5.250 4.600 5.500 5.050 5.700
4 5.850 5.050 4.750 5.450 5.750 5.60C
20 5.450 4.700 5.100 4.600 4.700 5.400
TABLE XIX

SPINACH COLOR, MEAN VALUE

FOR THE STUDY
Initial Months of Storage
Residual Headspace
Moisture, Oxygen
Percent Percent 1 2 3 4 ) 6
2 2 5.850 5.600 5.800 6.000 6.100 6.200
4 6.000 5.500 5.400 5.850 6.100 5.900
20 5.800 5.700 5.500 5.600 5.800 5.300
4 2 5.900 5.350 5.900 6.000 5.650 6.200

&»

3.900 5.030 5.800 6.000 5.750 6.100
20 5.900 4.850 5.800 5.800 5.550 6.200
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APPENDIX

Panel Selection

Judgments of aroma, flavor, texture, juiciness, and color are necessarily
stbjective, However, adherence to certain recognized procedures can

assure accurate and reliable evaluations (Boggs and Hansun, 1949).

As a preliminary step, personnel were contacted to ascertain willingness
to participate in such a program if selected. Motivation was therefore a
basic consideration. Ore hundred and three of 112 individuals contacted

responded affirmatively,

From this group, fifty candidates were selected for acuity tests using

{nterview screening technique. Selection criteria included availability
frca the staudpoint of both gensral health and frequency of travel, the
extent of food prejudice, and the ability to communicate effectively and

spantaneously.

Tess we.e then conducted to select those individuals most capabie of
discernirg differerces in food qualities. Originally, it was intended that

a two-phase acuity screening technique be employed. The first phase wvas to
estabiish sensitivity to the four basic tests: sour, bitter, sweet, and salty.
And the second phase was concernsd with sensitivity to differences in the

complex foods under study in this {nvestigation.

Primary Laste tedts were conducted using chemically pure solutiouns of sodium
chioride, lactic acid, caffeine, and sucrose prepared according to the
procedures detailed by Krum (1955). The twenty-four individuals who found
the two blank series flavorless and characterized the four test series

appropriately within a range of * 1 standard deviation of the mean were
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selected for furtl.r screening.

The egecond series of tests were conducted using commercially processed
pre-cooked, freeze-delydrated teef cubes, diced breast of chicken, diced
cirrots, and ieaf spinach. These products were representative of the best
qualiry availablie commexrciaily, s nce variabiiizy cf scores is greater on
low than on kigh q.glity ma%eztz.., Nepresenta:iive portions of these
commodities were subjectad to ancelerzted storage conditions to induce
deteriors-ior. Dlieat and pouliry products were expcied to acmospheric
oxygen in an incuh2tor opera:ting at lLSJF; vegetablcs were exposed to
atwospheric oxygen and light to prowote rapid color changes as weil., With-
drawal of praduct from accelersted storage at intervals produced a series
of graded difficulty. Thus a realistic test situation rezuiring diec:imina-
tion and judgmens similar to those anticipated in the actual study was

used.
This second series of tests alsc served a number of sther purposes:

1. To familiarisze candidatecs with characteristics of freeze-dehydrated
foods which in some cases are not closely aligned with those of freshly

prepared fresh, frozen, or canned products customarily consumed.

2. To acq-aiant candidates with the specific characteristics whizh might
evo.ve during the actual study, since it is difficult to detect off-

odcrs or fisvors where no standard exists for comparison.
3. To acquaint candidates with specified evaluation procedures.

4., To grovide for adap%ation to the resting of foods in an atypical manner;

i1.,e,, witkous the us:al seasonings, butter, sauces, or gravies.
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5. To familiarize the candidate with the system and technique of scoring
in order to reduce the effect of this learning experience on initial

tests in the actual study. The scoring form is shown in Attachment I.

Product preparation and service were essentially the same as those outlined
in Procedures: Sensory Evaluations. Products held under nitrogen in the
shipping containers and stored at -100!‘ were used as the warm-up samples and

as identified and blind controls in all cases.

The secondary screening test data did not permit selection of an adequate
number of taste panelists. The flavor of some food products is due to a
complex mixture of odor, tastss, and mouth sensations. Thus the predominate
flavors of foods in the study did not appear to be readily characterized by

the primary tastes.

In view of this, additional membexs of the original group of fifty candidates,
i.e., those not selected from analyses of primary taste test data, were also
screened for sensitivity to complex food flavor differences. The total number
of candidatss tasted for acuity t> differences in s given commodity varied

from 40 to 435, dependir; on the commodity.

Only those product evaluation series in which the unknown or test samples were
correctly judged in predeterained relationship to the identified reference
sample and in which licttle or no difference was indicated between identical
control samples wers subjected to statistical analyses. The regression line
and control limits were calculated for each commodity. Candidatas with scores
falling within + 1.5s were selected as panelists for the vegetables. The

] regrassion line t 2s was used to select panelists for beef and chicken.
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SAMFLE

Equal to G

Superior to G

Comme.its’

Differences are
Based on:

1. Aroma

2. Flavor

3. Texture

4, Juiciness

5. Color(Vegetables)

The Quality of Sample G is:

(Circle One)

Excell ent
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